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STELLINGEN 
1 .  Bij tumorverdamping met de CO2 laser worden, anders dan met pulsed 
lasers, geen vitale tumorcellen door de lucht verspreid. 
2. Bevordering van iatrogene versleping van tumorcellen, locaal of op af­
stand, door de CO2 laser treedt in vergelijking met conventionele 
chirurgie niet op. 
3. Reductie van iatrogene versleping van tumorcellen op afstand door de CO2 
laser is nog niet aangetoond. 
4. Het is onwaarschijnlijk dat beperking van iatrogene versleping op afstand 
een significante verbetering van de prognose van kankerpatienten kan 
geven. 
5. De meest toegepaste vorm van immunotherapie bij kanker is tumorchirurgie. 
6. Een patholoog anatoom dient bij het stellen van een diagnose niet alleen 
op de hoogte te zijn met de klinische gegevens van de betrokken patient, 
maar ook de therapeutische consequenties van de diagnose voor de patient 
te kennen. 
7. De opvallende overeenkomsten tussen histiocyten in histiocytosis-X haar­
den en zogenaamde interdigiterende reticulumcellen, wijzen op een nauwe 
verwantschap tussen deze twee celtypen. 
8. Het is te overwegen om bij het rapporteren van cytologische preparaten 
twee schalen te hanteren. 
Op de eerste schaal kan de mate van waarschijnlijkheid worden aangegeven 
van de histologische diagnose waarmee het cytologische beeld lijkt te 
correleren. 
Op de tweede schaal kan de maligniteitsgraad worden aangegeven. 
9. Bij ernstige verdenking op carcinoma colli uteri op cytologische gronden 
dienen, bij het niet zonder meer zichtbaar zijn van het carcinoom, in 
eerste instantie kolposcopisch gerichte biopsieen en een cervixcurettage 
te worden verricht. 
10. De vraag van een vrouw - of van een paar - om abortus is niet zelden een 
signaal voor een in wezen andere problematiek dan de als ongewenst be­
leefde zwangerschap. Daarvoor dient hulp te warden geboden. Een tech­
nisch-instrumentele ingreep biedt daarvoor geen oplossing. 
Blijham, M. (1976) Over ja en nee zeggen tegen zwanger zijn, Buijten en 
Schipperheijn, Amsterdam. 
11. Experimenten inzake een verplicht in te voeren middenschool dienen te 
voldoen aan de eisen van een toetsingsonderzoek. 
12. In het dankwoord van proefschriften verdient de "domheid" van belasting­
betalers meer aandacht. 
Ste 11 i ngen bij "Tumor surgery with the co2 laser. Studies with the Cl oudman 
S91 mouse melanoma". 
J.W. Oosterhuis, 22 juni 1977. 
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REVIEW OF THE LITERATURE; PURPOSE OF THE EXPERIMENTS 
1.1. Introduction 
The CO2 laser has some properties making it attractive as a tool in 
tumor surgery. No-touch removal of tissue is possible, since focusing of 
the laser beam gives a power density sufficient to vaporise any living 
tissue, even bone. Moving the focus over a tissue surface makes an incision. 
While evaporating tissues with the co2 laser, a remarkable hemostasis is 
obtained and the thermal damage at the edges of the incision is minimal. 
Endoscopic attachments allow use of the CO2 laser for surgery in confined 
spaces such as the upper aerodigestive tract, the rectum and the vagina. 
The property of sealing blood vessels and possibly lymphatics while cutting 
tissues, might result in a reduction of iatrogenic spread of tumor, when 
using the CO2 laser in tumor surgery. 
Pulsed lasers, however, with their heavy impact on tissues, have been 
shown to cause violent explosion of a target tumor. The "plume" originating 
during this tumor explosion contains viable tumor cells. Moreover, spread 
of viable tumor cells in adjacent tissues was demonstrated. These adverse 
effects of pulsed lasers make it mandatory to investigate experimentally 
the influence of the CO2 laser on tumor spread, before introducing this 
tool on a large scale in clinical tumor surgery. 
1.2. Basic principles of laser action (37, 51, 52, 85, 112) 
The term laser is derived from the initial letters of the phrase: 
"light amplification by stimulated emission of radiation" (7 6). The 
theoretical concepts on which laser technology is based are the quantum 
theory and the postulation of Einstein that the emission of light quanta 
(photons) can be stimulated. 
Light amplification by stimulated emission was first obtained in the 
microwave region of the electromagnetic spectrum by Gordon, Zeiger and 
Townes. They constructed the maser in 1954 (38). Schawlow and Townes (111) 
did much analytical work to extend the technique into the optical region. 
The first laser, using a synthetic ruby rod as lasing material, was built 
by Maiman in 1 960 (80). 
Population inversion, the condition in which the majority of the atoms 
or molecules of a lasing material is in an excited state, is required to 
achieve emission of a laser beam. Optical or electric pumping of the lasing 
substance can lead to a population inversion with a comparatively long 
lifetime. Once population inversion has been obtained, excited atoms will 
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return spontaneously to the ground state while emitting a photon. The 
photons thus emitted will stimulate other excited atoms to return to the 
ground state while emitting identical photons in the same direction as the 
triggering ones. The emission intensity will consequently grow in a positive 
feedback manner. These phenomena account for the temporal coherence and the 
chromatic purity of laser light. 
The directional coordination {spatial coherence) is determined by the 
geometry of the cavity {resonator). Most lasers consist of a column of 
active material with a partly reflecting mirror at the one end and a fully 
reflecting one at the other. Only photons with a direction parallel to the 
axis of the column are reflected back and forth by the mirrors. Photons not 
parallelling the axis leave the system. Its length being a whole number of 
wavelengths at the frequency of the laser light, the column acts as a cavity 
resonator. The monochromatic and coherent beam thus rapidly builds up in 
intensity. Important factors which determine the power of a laser are the 
amount of active substance, the power supplied for population inversion and 
the efficiency of a particular laser system. Focusing the beam of a laser 
yields a high energy density in the focal spot because the photons all 
being in phase reinforce one another. 
The wavelength at which a laser emits is determined by its active 
substance: solid material, liquid, gas or semiconductors. Some lasers emit 
at more than one wavelength, some are tuneable. At present laser beams can 
be generated at virtually every wavelength from the deep ultraviolet to the 
far infrared range of the electromagnetic spectrum. 
The active substance to a lesser degree also determines the way of 
delivery of the light of a laser, either in short pulses or in a continuous 
wave {CW) manner. Generally speaking, solid state lasers are pulsed and gas 
lasers emit continuously. With the current technological state of art, 
however, virtually every type of laser can be made to deliver its energy in 
short pulses or continuously. 
A multitude of laser devices have been developed since Maiman built 
the first Ruby laser. A number of them have proved useful in medicine though 
relatively few are used for surgery. 
1. 3. Different types of lasers for medical use 
The subdivision of lasers into pulsed and CW lasers is particularly 
important for surgical lasers. Pulsed lasers deliver their energy in short 
pulses with correspondingly high pulse peak powers. The volume of tissue 
affected by a single pulse is difficult to predict and depends on the type 
of laser used and the tissue involved {90). The problem is even more 
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complicated when multiple pulses are needed in the case of large tissue 
volumes e. g. tumors. Cutting, although performed by some {9 3) is not easily 
achieved. Pulsed lasers in fact are not very suitable as surgical tools. 
Therefore, their use is very limited in clinical surgery at present. CW 
lasers on the other hand deliver their energy continuously. The peak powers 
are accordingly lower. Gradual evaporation of tissue under visual control 
allows precise cutting. 
The characteristics of five lasers more or less convenient for medical 
use are listed in table 1.1. 
Table 1.1. 








Wavelength, Method of Continuous energy Peak power, 










c.w. 1 to 1 00 
c.w. 1 to 20 
C. W. 1 to 5000 
1 
1 
to 1 000 
to 5 00 
The beams of the ruby, the argon and the neodymium laser, at wavelengths in 
the visible and near infrared part of the electromagnetic spectrum, are 
poorly absorbed by living tissues. The absorption is color dependent. The 
CO2 laser emits a beam at a wavelength in the far infrared which is strongly 
absorbed by tissues regardless their color: 95% of the energy of the 
incident beam is absorbed in the first 150 µm of a tissue ( 128). This 
characteristic combined with the CW delivery and the high power outputs 
available make the CO2 laser an ideal tool for surgery. The co2 laser has 
one drawback as compared to the neodymium-YAG laser: its wavelength cannot 
be transported by fiber optics. Therefore, its beam guiding system -the 
manipulator- never can offer the mobility of the glass fiber "scalpel" of 
the neodymium-YAG laser {94). 
Several types of CO2 lasers for surgical use are currently available. 
And indeed at present CO2 laser systems are most widely applied in general 
surgery. In our experiments the American Optical co2 laser was used. 
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1. 4. The American Optical CO2 laser (102) 
In this system the laser medium is a mixture of carbon dioxide (9%), 
nitrogen (15%) and helium (76%). A continuous flow of this mixture is 
maintained in a glass tube in which electrical discharges bring the CO2 
molecules in an excited state. Population inversion is thus achieved by 
electrical pumping. The presence of nitrogen increases the efficiency and 
helium stabilises the gas discharge (98). The practical efficiency of about 
1 5% is high as compared to other laser systems. An actually conitnuous 
delivery by the CO2 laser is obtained only when electrical pumping is done 
with direct current. When alternating current is applied, the energy is 
delivered in broad rounded pulses at a frequence twice the frequence of the 
alternating current. The output power can be varied from O to 100 W by 
regulation of the voltage applied to the electrodes of the discharge tube. 
During the activation the laser medium is cooled with circulating water 
(figure 1.1). The beam leaves the discharge tube via a mirror that is 
partially transparent to the wavelength of the CO2 laser (10. 6 µm). During 
the operation the laser is continuously activated but the beam is diverted 
into a heat sink by a reflective shutter controled by a foot switch. When 
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Fig. 1.1 Schematic diagram of the American Optical CW CO2 laser (Courtesy of 
the American Optical Corporation). 
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the surgeon presses the foot switch the shutter is turned away, and the 
beam enters the articulated beam manipulator. This manipulator has six 
rotatory joints and seven mirrors. The parallel beam is reflected from one 
mirror onto another towards the handpiece containing the focusing lens. 
With this system the handpiece (and the focus) are freely movable within an 
area covering the operation field . Three handpieces are available: one of 
50 mm and two of 165 mm focal length. One of the latter handpieces has 
external light sources indicating the focus of the beam. The 50 mm and the 
165 mm length lenses yield spot diameters of about 0. 3 mm and 1 mm 
respectively. The effective focal spot size is power dependent (116). The 
lens in a handpiece is cooled by a continuous flow of air, directed towards 
the spot. 
1 . 5 .  Interaction of laser light with living tissues 
The literature on the interactions of laser light with living tissues 
is extensive and confusing . Reviews dealing with this subject have been 
published by Fine and Klein (2 5). Goldman and Rockwell (37), Ketcham et al. 
(68), Kozlov etal. (73), Lenz and Eichler (77), McGuff (85), Riggle et al. 
( 106) and Stellar et a 1. ( 116). In this sec ti on pulsed 1 asers wi 11 be compared 
with the CO2 laser . Only effects obtained with outputs relevant to laser 
surgery will be dealt with . 
The most important factors determining the effect of a laser beam in 
living tissues are: the absorption coefficient of the target tissue for a 
particular beam, and the power density in the target. The absorbed energy 
will be mainly converted into heat . Therefore, the resulting damage is 
largely a thermal one but certain non-thermal effects have to be considered. 
In addition surgical and oncological aspects of these interactions will be 
discussed. 
1. 5.1 . Wavelength dependency of absorption in tissues 
In order to warrant an effect of the applied energy in living tissues, 
absorption of the laser beam is required. The energy not absorbed is partly 
reflected partly transmitted (37). 
Because living tissues have a high water content, the absorption 
coefficient of water for a particular beam may be considered as an important 
parameter to predict the fate of this beam in living tissues. Bayly (6) 
investigated the absorption spectrum of liquid water for wavelengths between 
1. 7 and 10 µm. It appears from his work that the beams of ruby, argon and 
neodymium lasers are poorly absorbed in water. The beam of the CO2 laser 
on the other hand is very strongly absorbed. 
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Accordingly, the absorption of the beam of ruby, argon and neodymium 
lasers is weak in living tissues. The absorption is stronger when the 
target tissue is colored whether by itself (melanin pigment; high blood 
content) or artificially (external colorants; vital dyes) (37). A visible 
laser beam is most efficiently absorbed by structures with its complement­
ary color, e. g. the green argon light is most strongly absorbed in highly 
vascularised, and hence red tissues. This permits more or less selective 
tissue destruction (81 ). The absorption of the infrared beam of the CO
2 
laser in tissues is strong and color independent. Sclective destruction is 
impossible (37). 
The penetration of a beam is inversely related to its absorption. 
Ninety-five percent of the energy of the beam of a CO2 laser is absorbed in 
the first 150 µm of tissue. For the beam of a neodymium laser this distance 
is 10 times more: 1 500 µm (128). The penetration may be more than 1 cm for 
the beam of a ruby laser (26). 
1. 5. 2. Power density in the target area 
The power density in the target zone of a laser beam is determined by 
the energy output per unit time of the laser and the size of the area 
covered by the laser beam. 
Pulsed lasers may have relatively low energy outputs but the very 
short pulse durations account for high power outputs. The first ruby lasers 
used in experimental and clinical surgery varied from 0. 5 to 360 J energy 
output with pulse durations varying from 0. 5 ms for the low energy to 
several ms for the high energy lasers (85). A laser with a 300 J energy 
output and a pulse duration of 5 ms has a peak pulse power of 60,000 W. 
With a focal spot size of 2 IIITI in diameter the power density in the spot 
will be 1. 9 x 106W/cm2. The power density can be increased by increasing 
the energy output, and by decreasing the pulse duration and the spot size. 
For example, when the pulse duration would be 50 ns, as in the case of a 
Q-switched laser, the peak pulse power would be increased by a factor 105 
With an assumed pulse frequency of 4 per minute, the average power output 
of the laser in our example is only 20 W with both pulse durations. 
A continuous wave laser with the same average power output of 20 W and 
the same focal spot size on the other hand yields a power density of only 
6 37 W/cm2. 
Summarising, the same amount of energy applied by a pulsed laser and a CW 
laser can give rise to extremely high power densities with the former, 
whereas with the latter the power densities remain relatively low. 
The power density in the target area also depends on the power 
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distribution in the laser beam. If a laser operates in its lowest order 
spatial mode, the power distribution is represented by a Gaussian function 
(102). The output from optically pumped solid state lasers (e .g. the 
neodymium laser), however, will display a randomly varying mode output. So 
called hot spots will often be present in the cross section of the beam and 
hence in the target area. Only the time average of a series of pulses will 
show a Gaussian power distribution in its target area (37). The output of 
the American Optical CO
2 
laser consists of several higher order modes ( 102). 
The continuous delivery of the beam, however, accounts for a more or less 
Gaussian distribution of the power in the target area. Hot spots are 
unlikely to occur with the CO2 laser . 
The more complicated (non-thermal) interactions of laser light with 
living tissues tend to occur when high power densities are achieved. 
1.5.3. Thermal effects in tissues 
The energy absorbed by tissues is mainly converted into heat. This 
applies to the whole range of wavelengths and power densities encountered 
in laser surgery (5, 49). Therefore, the damage produced by an incident 
laser beam is essentially a thermal one. The morphology of a laser lesion, 
and how it is achieved will be described for the pulsed neodymium laser 
and the CO2 laser respectively. The discussion of the mechanisms by which 
thermal damage takes place at molecular level is beyond the scope of this 
section. Suffice it to say that denaturation of proteins and inactivation 
of enzymes are among the most important factors (5, 1 27). 
The factors influencing the rise, distribution and time behaviour of 
the temperature in a tissue due to a laser pulse have been reviewed by 
Goldman and Rockwell (37). Mathematical analyses of the problems are given . 
Actual measurements of the temperature are difficult: direct measurement 
gives false data and the results of indirect methods have to be interpreted 
with caution. Nevertheless it appears that the calculated values and the 
experimental data are in good agreement. An important conclusion is that 
the temperature rise in tissues even with relatively moderate energy 
densities (BO J/cm2) can exceed 100°c, with evaporation of tissues as a 
consequence. 
Hoye et al.describe a typical lesion resulting from a single laser 
pulse (57). The lesion was produced in the surface of a rabbit liver with 
a 2. 5  ms pulse of a neodymium laser with an energy density in the focal 
spot of 2500 J/cm2 (power density 106 W/cm2), and studied five days after the 
impact. The lesion showed three zones. In the inner zone the tissue was 
completely removed. In the second the hepatic tissue was distorted by 
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numerous empty spaces . The liver cells lining these spaces were compressed, 
damaged and shrunken but showed differential staining of nuclei and 
cytoplasm. In the third zone the tissue architecture was better preserved 
than in zone II but the cells were more severely damaged, many of them 
showing coagulation necrosis. The tissue in zone I has been evaporated by 
the intense heat in the epicenter. In zone II the heat is insufficient for 
complete evaporation but superheating of the tissue fluid occurs, causing 
gas generation and expanding pressures. According to Hoye the escaping gas 
has a cooling effect on the tissue resulting in complete preservation of 
some cells in this zone. Kozlov (73), however, offers a more likely 
explanation of this phenomenon.Due to the uneven distribution of the power 
density in the beam some cells remain undamaged. In zone II I the amount of 
energy has been reduced to such a level that neither vaporisation nor 
superheating occurs . The remnant of the absorbed energy gives rise to 
uniform cell destruction and complete coagulation necrosis. Experimental 
data from Moritz and Henrigues (92) allow us to state that the temperature 
in the tissue must have exceeded 70°C, since the cells have been thermally 
damaged beyond repair. 
The rise, distribution and time behaviour of the temperature in a 
tissue due to exposure to a CW laser, have been extensively investigated 
for the CO2 laser. Basic work has been done by Hall (4 6,  4 7) and recently 
by Verschueren (128). The following picture emerges from the work of these 
authors. When a focused laser beam impinges on a tissue 95% of the radiant 
energy will be absorbed in the first 150 µm of the tissue. During tissue 
evaporation the temperature at the impact point of the laser beam is about 
100°c. This is due to the thermostatic effect of boiling tissue fluids. 
While the evaporation takes place at the surface, the underlying heated 
tissues are acting as a source of thermal conduction when the exposure 
times are sufficiently long. This makes the thermal damage to penetrate 
much deeper than the radiant energy. Verschueren, investigating thermal 
damage caused by the CO2 laser in the rabbit liver, concluded that the 
total thermal damage (the damage due to direct absorption of radiant energy 
and the thermal devitalisation due to heat conduction) was determined by 
the exposure time {128). The lesion in the rabbit liver following exposure 
to a co2 laser can also be divided into three zones. Zone I: the cell 
layers closest to the tissue surface have been completely removed by 
evaporation. Zone II: the zone i11111ediately adjacent underwent incomplete 
vaporisation, and consisted of dehydrated and partly carbonised cellular 
material interspersed with empty spaces due to steam formation. Zone III: 
the outer zone containing morphologically normal tissue has nevertheless 
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been thermally devitalised: the temperature must have been higher than 
70°C. 
In this section two extremes have been considered: a pulsed laser with 
a poorly absorbed beam on the one hand, and a CW laser with a strongly 
absorbed infrared beam on the other hand. Although the lesions described 
by Hoye for the pulsed neodymium laser and by Verschueren for the CO2 laser 
show similarity, the outer zones are achieved in a different way. In the 
case of the pulsed neodymium laser the zone of coagulation necrosis is 
mainly caused by penetration of radiant energy {37), in the case of the 
CO2 laser the coagulation necrosis is mainly caused by conduction of heat 
from the crater wall during longer exposure times. 
1 .5.4. Non-thermal effects in tissues 
The non-thermal effects of laser radiation in tissues can be divided 
into three major groups: pressure effects, photochemical processes and 
other (mainly non-linear) effects. These phenomena as mentioned earlier 
are of minor importance as compared to the thermal effects. Most of them 
occur only when very high power densities and accordingly high electro­
magnetic field strengths are obtained (106 to 109 V/cm) (3 7). Therefore, 
these effects can be expected to play an important role mainly in the case 
of pulsed lasers. 
PressUPe effects 
According to their velocity of propagation pressure waves can be 
divided into shock waves, acoustic waves and transversal mechanical waves, 
the velocity being respectively greater than, equal to and lower than the 
speed of sound. 
Pressure effects can be produced in several ways. They can be produced 
by volatilisation of material from the surface with generation of a 
mechanical impulse proceeding into the tissue being irradiated, based on 
conservation of momentum. A second way of pressure wave generation is due 
to transient heating and associated thermal expansion of volume without 
change of phase. A third way is due to transient heating with change of 
phase, especially to a gaseous phase. If this effect occurs in the depth 
of a tissue, more or less in a "closed space", an extremely high pressure 
transient can be produced {2 5). A fourth way is electrostriction from high 
fields in the laser beam (12 7). 
If the laser pulse duration is long compared with the time for 
propagation of acoustic waves in the irradiated tissue, a relatively slow 
pressure increase in this region results. The leading and trailing edges of 
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the pressure pulse may give rise to shock waves. On the other hand, for 
very short laser pulses, as in Q-switched systems, the localised pressure 
transient will result in transmission of a shock wave (24 ). 
The first way of pressure wave formation is conceivable using the CO2 
laser. Measurement of the velocity at which the steam expands from the 
point of action of a CO2 laser, however, indicates that the pressure waves 
due to this mechanism are small (4 7). The power densities in the case of a 
CO2 laser are too small to build up high temperature gradients essential 
to pressure wave generation due to the second mechanism (78). As far as the 
third mechanism is concerned, the opacity of tissues at the wavelength of 
the CO2 laser precludes heating of tissues in "closed spaces" (78). Finally 
electrostriction does not occur at the field strengths encountered in CO2 
laser surgery (37). 
The pressure effects due to the impact of a pulsed laser -and to a 
very much lesser degree due to the action of a co2 laser- cause disruption 
of tissues (16, 106), cells and subcellular elements (48)  in the centre of 
the target area. The cloud of backscattered material from the point of 
action of the laser is corrmonly called the "plume", and consists of steam 
and tissue debris. 
Photochemical, processes 
Vassiliadis has emphasised the possibility of photochemical effects 
caused by photons in the UV and the visible parts of the electromagnetic 
spectrum. The photochemical action of light is supposed to provide free 
energy of activation to a reaction. This certainly does not apply to the 
CO2 laser with its beam at a wavelength in the infrared region (12 7). 
Some other (main7,y non-7,inear) effects 
A number of other effects have been demonstrated in tissues and organic 
material. The generation of these effects generally requires very high 
electrical field strengths, which are achieved only in the case of pulsed 
lasers. These effects are reviewed by Goldman and Rockwell (37) and can 
only be mentioned here: tissue ionisation, harmonic frequence generation, 
multiphoton absorption processes, free radical formation, inverse Brem­
strahlung heating, Raman scattering and Brillouin scattering. 
The forementioned photochemical and non-linear effects may have more 
or less specific influencies on the target tissue, but probably these are 
obscured or even effaced by the thermal and mechanical injury (4 9, 50). 




The capacity of lasers to vaporise tissue can be applied in two 
different ways: removal of large volumes of tissue and incision of tissue. 
The amount of tissue vaporised with a pulsed laser is difficult to predict 
{73 ,  90). Incision with a pulsed laser, although performed by some {93), 
is not easily achieved. The CO
2 
laser on the other hand offers an unique 
possibility to remove tissue by vaporisation under visual control. The 
speed of vaporisation, the other conditions being equal, is a function of 
the power output. Likewise controlled vaporisation enables one to cut 
tissue precisely. For this reason the CO
2 
laser is sometimes called a 
"light knife". A more appropriate name would be a "heat knife". The depth 
of incision is a function of laser power output and speed of movement of 
the focus (3 6). The minimum power density for cutting is about 1000 W/cm2 
{107). Thermal devitalisation of tissue is certainly the main "oncolytic" 
action of pulsed lasers (90). The extent of devitalisation is difficult 
to predict; incomplete destruction of tumors results in recurrences. This 
generally will be the case in the periphery of a lased tumor nodule but 
has been demonstrated in the centre as well. Obviously some cells do 
survive in zone II (57, 73 ). 
The very narrow zone of coagulation necrosis produced adjacent to a 
co
2 
laser incision is negligible as a tumoricidal factor but has some im­
portant bearings on tumor surgery. The capillaries and larger vessels up 
to 0. 5 mm in diameter are sealed (4 7) by coagulation and thrombosis. This 
results in a relatively bloodless incision even when compared to a diathermy 
incision (4 5). Woundhealing is only appreciably delayed in the skin (44). 
It is reasonable to assume that the lymphatics in the cut edge are sealed 
as well. As a consequence co
2 
laser surgery of tumors might reduce the 
hematogenous and lymphatic dissemination of tumor cells during the operation 
(4 7, 6 2). At present there is no convincing experimental evidence to 
support this hypothesis. 
Pressure effects 
Pressure waves generated during pulsed laser treatment of a tumor have 
been shown to cause dissemination of viable tumor cells in adjacent tissue 
planes and facial sheaths {68, 6 7). The plume originating at the impact site, 
containing viable tumor cells as well, causes airborne spread of tumor (55). 
These adverse effects are most likely to occur with a soft tumor (e.g. the 
Cloudman S91 melanoma) and when the tumor is too large for complete kill 
with a single laser pulse. Recovery of viable tumor from the plume was 
possible in 100% in the most unfavourable cases, i. e. ,  soft as well as 
large tumors (68). Several investigators have suggested that the pressure 
waves might force viable tumor in blood vessels and lymphatics, thus in-
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creasing the risk of hematogenous and l ymphatic metastases (67, 68, 7 3, 
93). There is some evidence to support this hypothesis. Goldman (35) found 
reproducible bone marrow embolisation in the l ung foll owing pulsed l aser 
i rradi ati on of the femur bone of the rabbit . Mull ins et al . ( 93 ),mention a tumor 
embolus in the l ung of a primate immediately after pul sed l aser destruction 
of a chemically induced hepatoma. Riggl e et al .(106),,however, found the same 
number of l ung metastases in untreated mice and in mice in which a Cl oudman 
S91 mel anoma had been partial l y  destroyed with a pulsed high-energy 
neodymium l aser . This experiment is not convincing, however, since both the 
untreated tumors and the recurrences after treatment were al lowed to grow 
to such a l arge size that the number of metastases could be expected to be 
"maximal" in both groups (105) . Pul sed l asers cannot be applied in cl osed 
spaces (e. g. the cranium) since very high pressures may result (32). 
Simil ar adverse effects are less l ikel y to occur using the CO2 l aser 
in tumor surgery since the pressure waves provoked must be small .  Never­
thel ess, there is some disruption of tissue (1 28) and a smal l pl ume 
containing tissue debris is produced (47). The adverse effects in tumor 
surgery, wel l known from the pul sed l asers, have never been l ooked for 
experimental ly using the co2 l aser . 
PhotoahemiaaZ and other (mainZy non-Zinear) effeats 
The relevance of these effects, when generated during pul sed l aser 
treatment of a tumor, is not cl ear . McGuff (85) has suggested that the 
oncol ytic action of a l aser pulse might be due to one or more of these 
effects. Either directl y by inactivation of enzymes or indirectl y by 
changing the immunogenicity of the tumor resulting in eradication of the 
tumor by the host. 
Several authors have expressed their concern about the possibility of 
carcinogenesis by these effects (37, 68). Up to now this has not been 
demonstrated (17, 37). 
1.6. Tumor surgery with l asers in animals 
In the earl y days of l aser cancer research the imagination of 
investigators was stirred by papers reporting on del ayed compl ete regression 
of tumors after partial destruction with pul sed visibl e l aser beams (84, 
85, 89). The actual mechanism was not understood but McGuff felt that the 
principal mechanism was a non-thermal , wavel ength dependent, specific 
oncol ytic influence of the intense l ight (85). Since the best results were 
obtained with human tumors impl anted in the cheeck pouch of Syrian hamsters, 
immunol ogical mechanisms may certainl y have pl ayed a role. The hamster 
cheeck pouch, being immunologicall y  privileged, is a questionable transplant-
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ation site (8, 4 1 ).Minton et al.(89)iWorking with the Brown Pearce carcinoma 
in Dutch rabbits speculated that an immune response, causing regression of 
the tumor, was triggered by heat. His results were in agreement with the 
results obtained by partial destruction of the same tumor by electro­
cautery (1 1 8). Fine et al. (2 5) failed to reinoculate a tumor after succesful 
laser treatment of the first tumor take in a number of animals. Bard, how­
ever, neither found immunological effects of laser radiation of normal and 
tumor tissue nor regression of tumor after partial destruction (3). 
It became clear that the above-mentioned delayed complete regression 
after partial destruction was the exception rather than the rule. Incomplete 
destruction of a tumor was followed by progressive growth (68, 73 ). Thegroup 
of Ketcham has stressed the importance of careful monitoring the output of 
the laser (66).They developed a method to determine the wavelength optimally 
absorbed by a tumor (87) and introduced the coefficient of laser destruction 
(CO LD), based on dose-response-relationships for several laser systems and 
tumors (90). In the view of these authors direct thermal devitalisation was 
the principal oncolytic action of the laser (68). Several investigators have 
tried to measure the temperature rise in tumors during and after the impact 
of a pulsed laser. The results were conflicting (26,  8 5, 88, 9 1 ,  9 5). 
It was found by Rounds ( 1 10) that visible laser light was better ab­
sorbed by melanin pigment containing cells than in non-pigmented cells. 
Accordingly, pigmented tumors were more sensitive to visible laser beams 
(3 4, 73 ). Therefore, attempts were made to increase the effect of laser 
irradiation in non-pigmented tumors. External colorants and vital dyes were 
tested often resulting in an improvement of the absorption of the laser 
light by the tumors (3 7, 109, 1 10, 122). 
Enhancement of the oncolytic effect of pulsed lasers was achieved with 
some adjuvant therapies: chemotherapy (54), X-rays (56), gamma radiation 
(72) and electron beams (73). Synergistic effects could often be 
demonstrated. 
A rather dramatic finding, however, was the spread of viable tumor 
cells due to pressure effects of the laser impact on a tumor (55, 6 7, 68, 
106). 
As compared to pulsed lasers little tumor surgery on animals has been 
done with the CO2 laser. Several investigators have reported on the 
possibility of permanently destroying experimental tumors (33 ,  100, 1 1 6 ). 
Controlled, randomised experiments in which the CO2 laser is compared with 
other modalities have not been performed. 
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1. 7. Purpose of the experiments 
The purpose of the experiments is, to investigate the safety of the 
CO2 laser from the oncological point of view . Therefore, cellular material 
present in the plume originating during CO2 laser evaporation of a tumor 
has to be investigated. Quoting Stellar: "Further testing for viable cells 
in lased smoke by transplantation procedures is necessary" (116). Further­
more, the influence of the CO2 laser on local, hematogenous and lymphatic 
tumor spread has to be investigated. Both adverse effects, comparable to 
those of pulsed lasers, and a beneficial role by sealing of blood vessels 
and lymphatics, may be demonstrated when comparing CO2 laser surgery with 
conventional methods. Therefore, it was decided to compare the CO2 laser 
and conventional surgery in a series of controlled experiments including 
excision, and incisional biopsy of tumors, and incision of a 3 H-thymidine 
labeled tumor. 




CHOICE OF THE EXPERIMENTAL TUMOR 
2. 1 .  Introduction 
The choice of the experimental tumor was restricted by a number of 
demands. A soft consistency of the tumor was required since the adverse 
effects of the pulsed lasers, due to pressure phenomena, have been most re­
producibly demonstrated with soft tumors { 68). The tumor should be 
transplantable and show an uniform growth. No spontaneous regression or 
remission after partial removal or after partial destruction should occur. 
The tumor should readily metastasise with a predictable pattern. The 
behaviour of the metastases after removal of the primary tumor should be 
known. The counting of the metastases should be a simple and reliable 
procedure . The possibility of culturing the tumor cells in vitro would be 
a major advantage . 
The Cloudman S91  melanoma seems to meet virtually all these require­
ments. In fact this was one of the tumors in the experiments of the group 
of Ketcham showing the adverse effects of pulsed lasers. Moreover, the 
behaviour of this tumor has been thoroughly investigated at the National 
Cancer Institute, Bethesda, Maryland, using standardised experimental 
techniques. 
As an alternative the 81 6 mouse melanoma could be mentioned, which 
also is a pigmented tumor metastasising to the lungs (40). This tumor, 
however, has been used in immunological studies rather than in surgical 
experiments. 
2.2. The Cloudman S91  mouse melanoma 
This tumor is a malignant melanoma, discovered in 1 93 7  by Cloudman, 
at the base of the tail in a JAX-DBA female mouse (1 1 ). It is commonly 
called the Cloudman S91 melanoma, and will be referred to as Cloudman 
melanoma. The tumor has been serially transplanted in mice from 1 93 7  onwards. 
Succesful transplantation is possible in DBA/ 1 and DBA/2 mice {1 1 ,  1 1 5), 
BALB/c mice (2), and first generation hybrids of these strains of mice: 
CD/1 F1 and CD/2 F1 mice (63 ). The growth rate of the primary tumor and the 
frequency and pattern of metastasis have been rather variable in the course 
of the years (2, 70, 1 1 7). Accordingly, different survival times for the 
hosts have been mentioned. A reproducible biologic behaviour of the tumor, 
however, could be demonstrated by Ketcham et al. {63 , 64, 6 5), using a 
standardised experimental technique. Virtually the same results were ob­
tained by others using the same methods {105, 108). From their work the 
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"natural history" of the tumors resulting from standard inocula in the 
thighs of 6 to 12-week-old CD/2 r1 mice can be depicted. The primary tumor 
may become palpable on day 8, has a diameter of about 8 mm on day 1 5  and 
measures 1. 5 to 2 cm in diameter on day 21. 
The lung metastases, being easily recognisable due to their heavy 
pigmentation, can be counted by gross inspection of the pleural surface, 
using a 3-D lens magnifier. In this way only the superficial metastases are 
scored, but these have been reported to be in the majority (133) . The 
incidence of lung metastases thus counted in mice bearing an untreated 
tumor i. m. in their right hind leg is graphically represented by the solid 
line in figure 2.1 (after Ketcham) (64). When the mice survive beyond day 
5 7 ,  metastases may be found in other organs than the lungs (132) .  The 
median survival time for individually caged mice bearing a tumor in a leg 
is 49 days. Death is caused by the debilitating primary tumor and the lung 
metastases. Removal of the tumor by amputation of the tumor-bearing limb 
prolongs the survival time of the host and moreover reduces the number of 
metastases. The average diameter of the metastases, however, is larger than 
in the unamputated controls. It appears that the unamputated mice have more 
small metastases and less large metastases. The larger number of small 
metastases can be explained by the continuous shedding of tumor emboli, 
producing new metastases, which process has been stopped in the amputated 
mice. The smaller number of large metastases is more difficult to explain, 
since the metastases developed from emboli dislodged before amputation 
should attain the same size in both the amputated and the unamputated mice. 
The explanation might be a competition between the metastases for nutrients 
in the unamputated mice (6 5). 
A very important question is how much time it takes for a tumor embdus 
arrived in the lungs to become a grossly visible and hence countable 
metastasis in this system. This question can be answered from the ex­
periments of Ketcham et al. (64). When the tumor-bearing limb of a mouse is 
amputated on day 21 post inoculation, the percentage of mice with lung 
metastases will stabilise at about 60 to 70 from day 35 onwards: the dotted 
line in figure 2. 1. The vast majority of the metastases in the lungs become 
visible within two weeks after amputation. The number of lung metastases 
has reached a plateau at that time. Virtually all the potential metastases 
shed through day 21 post inoculation can be grossly detected when the mice 
are killed three weeks post amputation. This does not necessarily mean, 
however, that all the tumor emboli dislodged indeed develop into metastases. 
It has been reported by several authors that many more tumor emboli are 
dislodged than will actually develop into growing metastatic foci (18, 2 3, 
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42). It is noteworthy that on day 21 post inoculation, when only a few gross 
metastases are present (134), in at least 70% of the animals tumor emboli 
already have been spread to the lungs. These emboli have spontaneously been 
shed from the tumor prior to amputation, since the cautery clamp amputation 
technique was chosen so as to minimise the manipulation of the tumor. The 
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Fig. 2 . 1  Development of lung metas tases from a s tandard i noculum of Cloudman 
melanoma. The sol i d  line represents the average percentage of mice w i th lung 
metas tases bear i ng an untreated pr i mary tumor resulted from a s tandard in­
oculum of C l oudman melanoma on day 1 .  The dotted I ine shows the same for m i ce 
after ampu ta t i on of their primary tumor on day 2 1 . 
Both graphs s how the average and the extremes of three va l ues for fou r point s  
of time . Each value represents a percentage i n  a group of 2 0  t o  3 0  mice 
(after Ketcham) ( 64 ) .  
implantation procedure gives rise to lung metastases in less than 5 %  of 
the animals (132). The stress due to the anesthesia and the operation has 
no influence on the incidence and development of metastases in this system 
(108). Incisional biopsy of the tumor might increase the number of metas­
tases (105 ) .  
One drawback, however, has to be mentioned. Lymph node metastases may 
have been shown in the early days of the tumor but in the experiments of 
Ketcham et al. regional lymph node metastases virtually did not occur. There­
fore, the influence of a surgical procedure on lymphatic spread has to be 
judged by other criteria than regional lymph node metastases. 
The data on the immunology of the Cloudman melanoma are conflicting. 
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According to some (6 9) the tumor is non-immunogenic but in a recent paper 
the Cloudman melanoma is called highly immunogenic (20). It is very likely 
that the immunogenicity of the tumor has been changed due to the serial 
transplantation (132). It is important, however, that spontaneous regression 
has never been noticed. Riggins and Ketcham (105), investigating the l ungs 
microscopically, found no signs of rejection of metastases of the Cloudman 
melanoma. The phenomenon of delayed regression after partial destruction 
with a pulsed laser has not been found for the Cloudman melanoma (91). 
A detailed gross and microscopic description of the tumor is given by 
Stewart (117). 
In vitro studies with the Cloudman melanoma have been performed by 
several investigators interested in cancer cell biology as wel l as in 
fundamental problems of differentiation and growth. The tumor grows readily 
in tissue culture. Data from literature indicate that melanoma cells tend 
to lose their visible pigment in vitro after a long period of cultivation 
(31, 113). A more recent paper (12), however, reports on the succesful 
maintenance of pigment production in monolayer cultures of the tumor over a 
period of 23 months. The authors relate these findings in part to the use 
of a medium different from that used by the earlier workers. Pigment may be 
scarce in a rapidl y growing tumor but is more readil y visible in a confluent 
and overcrowded culture. The persistent pigment production and the capacity 
to produce tumors in vivo of this cell line, even after in vitro cultivation 
for 23 months, was demonstrated by injecting mice with these tumor cells 
(12). A detailed morphologic description of the Cloudman melanoma in tissue 
culture is given by Barishak et al. (4) .  
In summary we can state that the Cloudman melanoma is a thoroughly 
investigated experimental tumor, suitable as a model for research in 
surgical oncology. This tumor appears to meet our demands, listed in the 
introduction of this chapter, more precisely than any other experimental 
tumor. 
2.3. The Cloudman melanoma in the present study 
The Cloudman melanoma, transplanted into CD/2 F1 mice, was kindly 
provided by A.S. Ketcham, National Cancer Institute, Institute of Health, 
Bethesda, Maryland, USA. In the course of our experiments the tumor was main­
tained in vivo and in vitro. 
2.3.1. Transplantation procedure and in vivo maintenance of the tumor 
One of the forementioned mice from the N.C. I. , bearing a two-week-old 
tumor i.m. in the right hind leg, was decapitated. After removal of the fur 
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of the ri ght hind limb and soaking of the leg with chlorhexidi ne, the tumor 
was exci sed without contamination by the skin. Working under sterile 
conditions the tumor was forced through a 50 mesh screen in 3 ml hepes 
buffered Hanks solution. The resulti ng suspens ion was swirled , and after 
sedimentation of the larger clumps of tumor cells aspirated in a 1 ml 
syringe wi th a 2 5  gauge needle. About 10 µl of thi s suspension was injected 
i . m .  i n  the right hind leg of 6 to 8-week-old CD/2 F 1 mice. These m ice ,  
obtained from the CPB , TNO , Woudenberg , the Netherlands ,  were used in all 
experiments , and will be referred to as mice .  In the experiment , descri bed 
in chapter 6 ,  however , 6 to 8-week-old DBA/2 female mice were used s ince 
CD/2 F 1 mice were not available. The growth of the Cloudman melanoma i s  
equal i n  DBA/2 mice and their first generation hybrids  (2 .2. ). 
Suspens ions prepared as descri bed were used for serial transplantation 
of the tumor every two weeks .  Moreover, the experimental tumors in the first 
operation seri es , to be descri bed in chapter 4, were produced by means of 
such suspens ions . 
On microscopic examination these suspensions appeared to contain single 
cells and clumps of tumor cells. The cell concentration , ranging from 
1. 5 . 105 to 5. 105 cells/10 µl , averaged 3 . 105 cells/10 µl as counted i n  
a BUrker counting chamber. The v iability ,  determined with trypan blue , 
averaged 50% , rangi ng from 3 5% to 60%. Therefore , the average number of 
viable tumor cells in a tumor inoculum of 10  µl was about 1. 5 . 105. It i s  
clear that suspensions prepared thi s way are very variable. Thi s  may have 
contri buted to the considerable variation in s ize of the tumors in the first 
operation series. 
2 .3.2 . Establi shment of a Cloudman melanoma cell line and in vitro main­
tenance of the tumor 
The need for tumor cell suspens ions of a more constant quality , 
probably resulting in  more uniform tumors , prompted us to establish an in 
vitro cell line of the Cloudman melanoma. Moreover , in vi tro cultivation 
could serve as an additional method of testing the waste products of CO2 
laser surgery for viable tumor cells. 
For establishment of a cell l ine a two-week-old tumor , obtained as 
descri bed before , was suspended i n  10 ml culture medi um (RPM ! 1 640 , Gi bco 
cat . no: 240 ,  hepes buffered , supplemented with glutamine (1 ml of 200 mM L­
glutamine/100 ml) , 20% heat-inacti vated (30 min. 56°C) fetal cal f  serum 
(Gibco) , penicillin 100 IU/ml and streptomycin 100 µg/ml ). Thi s suspension 
was about 50% viable and contained 20. 106 cells/ml but was di luted so as to 
obtain 0 . 5. 106 cells/ml . Twenty milliliter of this suspension was d iv ided 
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over four Falcon 30 ml tissue culture flasks and incubated at 37°C. The 
viable cells were allowed to adhere to the bottom of the flasks. After 24 
hours the non-adhering cells were removed and the adhering cells supple­
mented with fresh culture medium. There were no take failures in these four 
flasks. To maintain the rapidly growing cultures the medium had to be 
refreshed weekly. In addition the cultures had to be transplanted into new 
culture flasks weekly. 
For in vitro transplantation the tumor cells were detached from the 
bottom by trypsinisation (0. 05% trypsin in versene buffer during five 
minutes at 37°C) and resuspended. A part of the cells was transferred into 
new culture flasks containing fresh medium. In this way the tumor cell line 
was serially transplanted for a period of two years, in which the tumor 
cells kept their capacity to produce melanin pigment. The morphology of the 
cells growing in vitro was in agreement with data from literature (4) .. 
Tumor suspensions produced from in vitro cultures were more than 9 5% 
viable. Their concentration was adjusted at 200,000 cells/10 µl. Apart from 
the first operation series, the standard inoculum to produce tumors in our 
experiments was 200,000 cells in 10 µl injected i. m. in the right hind 
leg. Before the in vitro cultivated cells were used in the experiments, 
their identity was established. 
2. 3. 3. Comparison of a tumor cell suspension prepared from a Cloudman 
melanoma with a suspension prepared from the in vitro cell line 
To establish the true nature of the cultivated cells we compared a 
suspension derived from a fresh Cloudman melanoma with a suspension derived 
from the in vitro cell l i ne, as for their tumor (including metastases) and 
pigment forming capacities. The suspension of the cultured cells was 
prepared as described and was more than 95% viable, containing 2. 5. 10
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viable cells/ml. The suspension from fresh tumor (v. s. ) was about 50% viable 
and contained 17.106 tumor cells/ml. To allow a better comparison of both 
the suspensions, the viability of the latter had to be improved. Therefore, 
viable cells were separated from the crude suspension by a one step centri­
fugation on a ficoll-triosil mixture with a density of 1. 077 g/ml (129). 
Due to the high concentration of cells in the original suspension, the 
recovery of cells was low - 4. 3. 106 cells/ml - but the viability was in­
creased up to BO%. Both suspensions, the one prepared from the culture and 
the one from the tumor , were resuspended so as to obtain a concentration of 
106 viable cells/10 µl. From these concentrated suspensions 1 : 10 dilutions 
were prepared, resulting in suspensions with 105, 104, 103, 102 and 1 
cells/10 µl. These suspensions, kept at 4°C and regularly swirled, were in-
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jected i.m. in the right hind leg, or both i. m. and i.p. into 20, 6 to 
8-week-old mice, according to the scheme presented in table 2. I. Each in­
oculum measured 10 µl and was injected with a 10 µl Hamilton syringe, 
allowing accurate dosage. 
Table 2.1 
Estab l ishment of the identity of i n  v i tro  cu l t u red ce l l s  derived from a C l oud­
man me l anoma 
no. of vi abl e suspension from tumor i njected suspension from cul ture i njected 
cel l s  suspen- i.m. and i .p. i nto 10 mi ce i.m. and i.p. i nto 10 mice 
ded i n  10 1il 
cul ture medi um i.m. i njecti on i ·11· i n
f
ection i .m. i njection i ·11· i n
,
ection 
tumor ii i n  r.m ++ = d, fuse tumor ii i n  r.m ++ = d, fuse 
tumor t1n1or 
+ = sol.nodule + = sol.nodule 
106 30• rmt 40• rmt 
105 20 ++ 30• Not 
104 15 ++ 23 ++ 
103 25 + 14• ++ 
102 9 ++ 1• ++ 




* Mice marked with an aster i s k had g ros s l ung metastases 
t Not done , since the mice mi ght d i e  before day 28 d ue to i .p . tumor 
The tumor ( i nc l ud i ng metastases ) and the p i gment forming capac i t i es of a s u s ­
pens i on der i ved from i n  vit ro cu l tured ce l l s  and prepared from a C l oudman 
melanoma were compared , to estab l ish  the i dent i ty of the cultured ee l l s. Two 
series of 1 0  CD/2 F
1 
6 to 8 -week-o l d  mi ce were injected i .m. i n  the r i ght 
h i nd l eg ,  or both i .m. and i .p. , w i th dec reas i ng numbers of cel l s in 1 0  µl. 
The mi ce were k i l led and autopsied 28 days after i nocu l at i on. I n  both ser i es 
tumors were formed . These were of s i m i lar  s i ze ,  heav i l y  pigmented and capa­
b le  to g i ve r i se to metastases. l ntraper i tonea l tumor deve l opment was the 
same in both ser i es. These results prove that the c u l tu red cel l s  were i ndeed 
C l oudman me l anoma cel l s .  The m i n i mum number of tumor eel l s  for tumor take in 
an inoculum of 1 0  µl was about 1 00 ,  both when i njected i .m .  or i . p. 
The mice were killed 27 days post inoculation and autopsied . The results 
are summarised in table 2. I. Both suspensions produced tumors which were 
capable to metastasise and were heavily pigmented. These results allow us 
to conclude that the cultured cells were indeed Cloudman melanoma cells and 
no transformed fibroblasts. Two more conclusions can be drawn from this 
experiment. In the first place, tumor inocula of these two different sus-
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pensions yield simil ar results when containing the same number of viable 
ce l l s .  Secondly , the minimum number of viabl e cel ls needed for tumor take 
is essentia l l y  the same when injected i. m. or i.p., and is about 100 
cells/ 10 µl . 
It is specul ative but interesting to compare the standard tumor in­
ocul um of Ketcham et al. ( 63, 64) with our standard i nocul um. The tumor dose 
of Ketcham consisted of 0.05 ml of a 1 : 10  dil ution of tumor prepared with 
the Sne l l  cytosieve .  According to Snel l ( 1 1 4), tumor cell suspensions 
prepared this  way usual l y  contain between 2. 106 and 10. 106 cells/ml. This 
corresponds to 105 to 5. 105 cel ls in the 0.05 ml inoculum of Ketcham. 
Assuming that the viability in the Snell cytosieve suspensions is about 
50�, the same order of magnitude as in our fresh tumor suspensions, the 
number of viable cel l s  in the standard inoculum of Ketcham might fairly well  
correspond with the 2. 105 viabl e cel ls in our standard inoculum prepared 
from the in vitro cultured tumor cel ls. A lthough the above calculations 
are specul ative, it is noteworthy that Ketchams data on tumor sizes are 
in good agreement with those described in the present experiment. 
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Chapter 3 
INVESTIGAT IONS INTO THE V IABILITY O F  CELLS PRESENT IN SMO KE  AND DEBRIS 
O RIGINATING DURING CO 2 LASER EVAPO RATION O F  TUMO R TISSUE 
3 . 1. Introduction 
The demonstration of viable tumor cells in the plume ( 5 5,68) caused by 
the impact of a pulsed laser on a tumor prompted us to look for viable 
tumor cells in the waste material originating during tumor evaporation with 
the CO 2 laser . The need for such investigations has been stressed by Stellar 
(116). To our knowledge, however, they have not thus far been performed. 
During laser evaporation of tissue two types of waste material are 
produced: the particles falling on the operation table, called debris, and 
the material escaping in the air wi thin the cloud of volatilised tissue, 
called smoke. Since these two fractions had to be collected separately, we 
decided to investigate them separately as well. The difference is somewhat 
arbitrary, because the cooling air flow through the handpiece is likely to 
blow some of the particles of smoke on the table and some debris away from 
the table into the smoke. 
Viability was tested by trypan blue exclusion and by in vitro and in 
vivo culture of the harvested material. 
3 . 2. Materials and methods 
3 . 2.1. Outline of the experiments 
In the experiments I-V smoke and debris were harvested during laser 
evaporation of Cloudman melanomas . Suspensions were prepared from these 
waste products and injected i.m. and i.p .  into recipient mice. In some of 
these experiments additional investigations were performed: cytological 
smears, the trypan blue test and in vitro cultures. 
Experiment VI was designed to investigate the possibility of a cyto­
toxic influence of smoke or debris on viable tumor cells in the suspensions. 
Therefore, viable cells were added to suspensions of smoke or debris 
particles. The suspensions with and without added viable cells were injected 
i.m. and i. p. into mice and were cultured in vitro . Moreover, the viability 
was tested with the trypan blue exclusion test. Finally slides of coarse 
debris particles were prepared in one case. 
3 . 2. 2. The donor tumors 
In the experiments I-VI smoke was collected from 18 and debris from 26 
Cloudman melanomas. The tumors had been inoculated in 8 to 1O-week-old mice 
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Tab l e  3 .1 
I n  v i vo cult i vation of smoke or debr i s  part i c l es or i g i nated dur i ng l aser e-
vaporat i on of Cloudman melanomas 
experiment no. of inoculum injection ' no. of 
recipient site mice wi th 
mice takes 
6 3 .  105D i .m. 0 
I I 5 2 .  105D i.m .  0 
I I I  3 2 . 10 5S i . m .  0 
IV  20  10
5S i.p. 0 
2 1  10 5D i . p .  0 
V 6 5 . 10
5S i. p .  0 
6 5 . 105D i.p .  0 
I n fi ve separate exper i ments suspens i ons of smoke ( S) and debr i s ( D)  part i -
5 c l es wese i njected i . m .  or i . p .  i nto m i ce i n  concentrat i ons vary i ng from 1 0  
to 5 . 1 0  part i cles per i nocu l um. None of the 67 rec i p ient m i ce deve l oped tu­
mor . 
Table 3. 1 1  
I n  v i tro methods app l i ed to the suspens i ons used i n  the expe r i ments I ,  I I and 
1 1 1  
exper iment materi al no . of no. of cytolog i cal 
seeded fl asks fl asks i nvesti gati on 
wi th growth 
I 5 . 1 050 t 6 0 SOl'le i ntact cells  
I I 5 .  1 0
50 6 0 some i ntact ce l ls 
5 . 1 05S,t n 0 some i ntact cel ls 
I I I 5 . 10 5s 6 0 some i ntact ce l ls 
* The y ield of smoke part i c l es was not suffi c i ent for i n  v i vo i nject ion ( com-
pare ta b l e  3 . 1 ) 
t Trypan b l ue test : no v i ab l e  ee l 1 s 
Samp l es of the suspens ions of smoke ( S) and debr i s  ( D) par t i c l es of the ex­
per i ments I ,  I I  and I l l  ( l i sted i n  table 3 . 1) were c u l tu red i n  v i tro . I n  
none of the flasks growth was noted . Cyto l og i cal smears showed some morpho­
log i cal l y  i ntact cells i n  debr i s  and i n  smoke suspens i ons . The trypan b l ue 
test showed no v i able cells i n  the i nvest i gated debr i s  suspens i on .  
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Table 3 .111 
Exper i ment V I : I nvest i gat i on i n to cytotox i c i ty of smoke or debr i s  suspens i ons 
to Cloudman melanoma eel I s  i n  v i vo 
treatm . n i nocu l um site no . of mice no . of  
group wi th tumor mice with 
* metas t .  
1 4 2 .  105V i . m. 4 (14 11lf1l)  0 
2 6 2 .  105v i .  p .  6 ( 23 days ) 2 
3 1 5 5. 1055 i . m .  0 0 
4 14 t 5 . 1055+2 . 105v i . m .  1 2  (18 mm ) 4 
5 1 5 5 . 1055 i . p .  0 0 
6 1 5 5 . 1055+2 . 1 05v i .  p .  1 5 (23 days ) 2 
7 1 5 5 . 1050 i . m .  0 0 
8 1 5 5 . 1050+2 . 105v i . m . 1 5 (1 5 mm ) 5 
9 1 5 5. 1050 i . p .  0 0 
10  1 5 5 . 1050+2. 105v i.p . 1 5 ( 22 days ) 2 
* The mean tumor d i ameter and the mean surv i val t i me are placed i n  brackets 
One mouse lost due to anesthes i a  at i noculat i on 
A lethal tox i c  i nfluence of smoke ( S ) or debr i s  ( 0 )  part i cles to v i able tumor 
cells would make the prev i ous i n  v i vo cultures mean i ngless . There fore , sus­
pens i ons of smoke or debr i s  part i cles w i th and w i t hout added v i able Cloudman 
melanoma cells were i njected i .m. or i . p. i nto  m i ce. 
The tumor produc i ng capac i ty of the added tumor ce l l s was checked i n  1 0  con­
trol m i ce ( groups 1 and 2 ) . These 10 m ice i ndeed developed tumor. None of 
the 60 m i ce i njected w i t h  suspens i ons w i thou t  added v i able tumor cells showed 
tumor growth ( groups 3 ,  5 ,  7 and 9 ) . W i th two excep t i ons , the 59 m i ce i n­
jected w i th suspens i ons w i th added v i able cells showed t umor take ( groups 4 ,  
6 ,  8 and 1 0 ) .  The two take fa i lures were i n  the i .m. i njected mi ce .  The tumor 
d i ameter was i n  the same order of magn i tude i n  the groups 1 ,  4 and 8. The 
surv i val t i me was equal in the groups 2 ,  6 and 1 0. These res ul ts i nd i cate 
that smoke and debr i s  suspens i ons are not cytotox i c  to  v i able tumor cells 
when i njected i .p . At i .m. i nject i on a s l i gh t  i nh i b i tory inf l uence may be 
present . 
and were evaporated 1 1-20 days post inoculation. The donor tumors measured 
1 1-20 mm in diameter , were covered by intact s kin , and showed virtually no 
necrotic areas . 
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3.2. 3. Preparation of a donor tumor. 
The experiments were performed under sterile conditions to allow in 
vitro and in vivo cultivation of the collected material. A donor mouse 
bearing a tumor in the right hind leg was anesthetised with nembutal i.p .  
(60 mg/kg body weight) . The fur of the right hind leg and of the back was 
removed with scissors. After soaking the skin with chlorhexidine, the 
Table 3 , I V 
I n  v i tro methods applied to  t he suspensions used in experiment V I  




5. l05S+2 . l05V 2 
5.1050• 2 














* Histological slides were prepared of coarse par t i c les from this suspension . 
The possibil i ty of a letha l  tox i c  influence of smoke (S) or debris (D) par­
ticles on Cloudman me l anoma cells had to  be exc l uded , since such an effect 
would make the in vitro cu l tures and the trypan blue test (table 3 .1 I )  
mea n i ngl ess. From the suspensions listed in ta ble 3 , 1  I I  sam p l es were cul­
tured in vivo. Moreover , samples were tested w i th t he trypan blue test. 
Samp les containing smoke or debris particles only showed no growth i n  vitro 
and no v i able cells i n  the t rypan  b l ue test. I n  the samples wi th  added 
viable cel l s ,  growth and dye exc l uding cells were recorded. The suspens i on 
of viable tumor cel l s  only showed growth in vitro and 95% viabili ty in the 
trypan blue test. 
These results indica te that smoke or debris part i cles are not toxic to 
Cloudman me l anoma cel l s .  
animal was fixed in supine position on an adjustable operation table , above 
which the 16 5 nvn handpiece of the CO2 laser was held steady in a clamp 
(figure 3.1 and 3.2) .  The right hind leg was loosely fixed with an elastic. 
The tumor was approached via a longitudinal incision in the posterior 
aspect of the leg and the skin kept away from the tumor with a suture 
fixed on the operation table (figure 3. 3). 
3.2 .4. Collection of debris and smoke 
A petri dish containing 5 ml Hanks solution (4 °C) was placed under­
neath the tumor-bearing limb. Contact between the exposed tumor and the 
2 6  
Hanks solution could be prevented. The operating tab le  was positioned in the 
way that the tumor could be horizontally moved in the focal plane of the 
l aser beam. During laser evaporation (output, 20 W) while shifting the focus 
gradually  from the periphery to the centre of the tumor, debris fell into 
the sol ution spontaneously  or was blown into it by the air flow of the 
cooling system in the handpiece. For every tumor a new petri dish was used. 
The debris thus harvested was collected in 50  ml centrifuge tubes, and 
resuspended to obtain a higher concentration. 
VACUUM 
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Fig . 3 . 1  Schematic drawing of s i multaneous collection of smoke and deb ris. 
For the col l ection of smoke a perspex tube was built to enclose the 
handpiece of the laser. This tube being cl osed at the top a l lowed col lection 
of a fair amount of the developing smoke by means of a vacuum system 
piercing the wall of the tube. Particl es in the smoke were trapped by 
sucking the smoke through a hepes buffered Hanks solution in a col lecting 
tank (figure 3.2). A three way tap provided the possibil ity of removing the 
suspension from the collecting tank and of refil l ing it under steril e  
conditions after each tumor evaporation. Partly the smoke escaped this 
collecting system, but the fraction thus harvested can be regarded as a 
representative samp le. The yields were high enough for our purpose. Figure 
3. 1 shows that the smoke and the debris could be harvested simul taneously . 
Moreover, vision was unimpaired due to the perspex tube, and the mouse 
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remained freely movable underneath the handpiece. Thus collecting of smoke 
and debris did not interfere with the operation . The crude smoke suspensions 
collected in this way were transferred into 50 ml centrifuge tubes and 
resuspended to obtain a higher concentration. 
3 .2. 5. Morphological investigations and the trypan blue test 
Cytological investigations were done in the experiments I, II and I I I. 
Smears of concentrated suspensions of smoke and debris particles were 
stained with the May-GrUnwald-Giemsa method and H and E (table 3 . 1 1). Slides 
were prepared of coarse debris particles and stained with H and E in ex­
periment VI (table 3. IV). 
The trypan blue test was performed in the experiments I and V I  with the 
crude smoke and debris suspensions immediately after the collection and with 
the resuspended, concentrated suspensions . Cell counts were performed in the 
counting chamber of BUrker (tables 3 . I I  and 3. IV). 
3 .2. 6 . In vitro and in vivo cultures 
In vitro cultures of smoke and debris suspensions were performed in the 
experiments I, I I, I I I  and VI in 3 0  ml Falcon tissue culture flasks 
containing 5 ml RPM ! 1640 (Gibco) culture medium supplemented with the same 
constituents as described earlier {2.3 .2.). The flasks were seeded with at 
least 5. 105 cell sized particles of smoke or debris and cultured at 3 7°C. 
In experiment VI  2. 1 05 viable cells as determined with the trypan blue 
test, derived from the in vitro cell line (2.3 .2.), were added to one half 
of the flasks seeded with smoke or debris particles. The viable cells were 
cultivated alone as well to check their viability .  But for the fact that the 
medium was refreshed daily in the first four days, the cultures were treated 
as described in section 2 .3 .2. The cultures were daily investigated 
microscopically, looking for adhering and growing cells (tables 3 . 1 1  and 
3. IV). In the separate experiments 1-V (table 3 . 1) suspensions of smoke or 
debris particles, in concentrations varying from 105-5. 105 particles/IO µ 1 ,  
were injected i. m. and i. p .  into 8 to  10-week-old mice. Suspensions of  
smoke were injected into 29 and of debris into 3 8  mice. The animals were 
killed four weeks post inoculation and autopsied. 
In experiment V I  the 13 0 recipient mice were numbered by marks in ears 
and toes, and subsequently at random divided into 10 groups, using a table 
of random numbers (table 3 . I I I). In the groups 1 and 2 ,  the mice were in­
jected i.m .  or i. p .  with a dose of 2. 105 viable tumor cells in 10 µl, 
derived from the in vitro cell line (2.3 .2. ). These groups served to check 
the capacity of the cultured cells to grow in vivo. In the groups 3 ,  5, 7 
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F ig .  3 , 2  The collection of smoke. 
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F i g . 3 . 4  Smear of a smoke suspens i on .  The carbon i s ed par t i c l es are 
s t r i k i ng ( H  & E, x 56) . 
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and 9, suspensions containing 5. 105 smoke or debris particles per 10 µl were 
injected i.m. or i. p. into 60 mice. In the groups 4, 6, 8 and 10, the mice 
were injected i.m. or i. p. with 20 µl of the suspensions resulting from the 
combination of the suspended viable cells and the suspensionsof smoke or 
debris particles. An inoculum of 20 µl contained 5. 105 smoke or debris 
particles and 2.105 viable cells, derived from the in vitro cell line. The 
mice which died intercurrently were removed from their cages and fixed in 
formalin ; their survival time was recorded. The remaining mice were killed 
four weeks after inoculation. All mice were autopsied. 
3. 3. Resu lts 
3. 3. 1. Morphological investigations and the trypan b lue test 
The particles present in the smears could be somewhat arbitrarily 
divided into the following three fractions. Firstly, completely carbonised 
particles without morphological characteristics of cells. Secondly, cel l 
sized rounded structures, occurring solitarily and in clusters, suggesting 
severely damaged cells and groups of cells. No distinct nuclei were observed 
in these particles consisting of closely packed bubbles lined by tiny 
eosinophylic strands. Thirdly, distinct cells showing the normal differen­
tial staining of nuclei and cytopl asm ; some contained nucleoli. These more 
or less morphologically intact cells were found as solitary cells as well 
as in clusters, and were most frequently attached to groups of particles of 
the second fraction. As a matter of fact the morphological transitions 
between the three fractions were gradual. Smoke and debris suspensions were 
essentially equal, and differed only in that the clusters were larger in 
the l atter. In both, the particles of the second fraction occurred most 
frequently. The histological slides of the coarse debris particles showed 
carbonisation and bubbles on the edges, but morphologically intact tumor 
tissue in the centre (figures 3, 4-8). 
No trypan blue excluding cel ls could be demonstrated, neither in the 
suspensions investigated in experiment I nor in those suspensions in 
experiment VI containing smoke and debris particles only. The suspensions 
in experiment VI containing viable cells in addition showed dye excluding 
cells, not further quantitated. The suspension of viable cells only showed 
a viability of about 95%. 
3. 3.2. In vitro and in vivo cultures 
No adhering cells could be demonstrated in the flasks in which smoke 
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present. The non-adhering particles were gradually removed in the first few 
days by changing the medium. 
In the flasks in experiment VI, seeded with smoke and debris particles 
as well as viable cells, growth of tumor cells was observed. The growth was 
not appreciably delayed as compared to the cultures containing viable cells 
only. In both, complete monolayers were formed in about 10 days. The 
cultures were not compromised by bacterial or fungal infections. 
When the mice were killed four weeks after inoculation, none of the 
recipients of smoke or debris particles only (table 3 . I and table 3. II I, 
the groups 3 ,  5,  7 and 9) had developed tumors neither at the injection site 
nor elsewhere. Tiny particles of smoke and debris, however, could be 
demonstrated at the i.m. injection site and in the peritoneal cavity ifigure 
3.9 ). Histology of these sites revealed a foreign body reaction around 
clusters of the particles (figure 3 10). The results in the animal s injected 
i.m .  or i.p. with viable cells in addition to the smoke or debris 
suspensions, and with viable cells only, are presented in table 3. II I .  One 
of the mice in group 4 died immediately after inoculation, due to the 
anesthesia. The 10 mice in the groups 1 and 2 ,  injected with viable cells 
only, all developed tumor. Two take failures were observed in group 4 in 
which smoke and viable cells had been injected i.m. The mice in the 
remaining groups all developed takes. 
3 . 4. Discussion and conclusions 
3.4.1. Relevance of the findings 
From the cytological observations on smoke and debris it can be 
concluded that the vast majority of the cells has been devitalised by heat, 
resulting in completely dehydrated carbonised particles and partly de­
hydrated cell sized particles, containing closely packed " steam bubbles". 
The morphology of these cell sized particles resembles the histological 
picture of a laser incision, showing carbonisation and intra- and extra­
cellular empty bubbles in the narrow zone of disrupted tis sue lining the 
cut edge (128). Some morphologically intact cells were found as well. This 
finding prompted us to investigate the waste products of CO2 laser tumor 
evaporation more thoroughly, using the following three methods: the trypan 
blue test , in vitro and in vivo culture. 
The trypan blue test is a widely used and generally accepted viability 
test. It has been reported, however, that critically injured cells may yet 
remain impermeable to trypan blue and consequently be counted as viable .  
Viability values as determined by trypan blue are higher than the viability 
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scores as determined by in vitro and in vivo culture, notably when the cells 
are mechanically traumatised (120) . This overestimation of the viability by 
trypan blue has the advantage that viable cells are not easily overlooked. 
Therefore, the negative results with the trypan blue test in the present 
experiments are strong evidence that no viable cells were present in the 
samples investigated. The numbers of cells investigated in this way, however, 
are small. 
Cultures whether in vitro or in vivo have the advantage that a larger 
number of cells can be investigated, and that the finding of tumor growth 
unequivocally proves that viable cells were present in the samples tested. 
Negative results do not prove that no viable cells were present, since the 
smoke and debris suspensions might have been toxic to viable cells. 
To investigate a possible toxic influence of the waste products on 
viable cells, experiment VI was performed. In this experiment 60 animals 
were i .m. or i. p. injected with smoke or debris combined with viable cells, 
of which only two i.m. injected animals did not show tumor take. The 10 
control animals inoculated with viable cells only, all developed tumors. The 
mean tumor diameter was about the same in the groups 4 and 8 and in the 
control group 1 consisting of i.m .  injected mice. The survival time in the 
i . p. injected animals was the same in the groups 6 and 10 and in the control 
group 2 (table 3. I I I). These results allow us to conclude that there is no 
cytotoxic effect of the waste products demonstrable when injected i. p. with 
viable cells . The two take failures in the i. m. injected animals might point 
at a slight inhibitory influence of the smoke on viable cells. The mean 
tumor diameter in the mice with takes, however, does not confirm this 
conclusion. The smoke and debris particles had no inhibitory effect upon the 
in vitro cultures, since complete monolayers were formed in about 10 days 
in the flasks seeded with viable cells only as well as in the flasks seeded 
with viable cells in combination with smoke and debris.  The conclusion can 
be drawn that in vivo and in vitro cultures are reliable methods to detect 
viable cells in this system . The absence of adhering cel ls in the flasks 
seeded with smoke and debris particles only, the culture conditions being 
compatible with growth of tumor cells, strongly suggests that no viable 
cells were present in the samples tested. The absence of takes in the 127 
mice -67 in the experiments I to V and 60 in experiment V I- which were 
injected with smoke and debris only, does not prove that no viable cells 
were present in the inocula. There is a minimum number of cells needed in 
an inoculum to obtain tumor take. As apparent from the experiment described 
in section 2. 3. 3. , this minimum is about 100 cells in this system both when 
the cel l s  are injected i . m. or i . p .  Less than 100 viable cells may have 
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been present in the doses of smoke and debris particles injected into the 
12 7 recipient mice. Biological variability would have accounted for at 
least some takes in 12 7 animals , however , if any viable cells had been 
present. Therefore , it is highly unlikely that viable cells were present in 
the smoke and debris suspensions. 
3. 4.2. Explanation of the findings 
The reasons why viable cells are very unlikely to be present in the 
smoke and debris originating during CO2 laser evaporation of a tumor can be 
most readily envisaged by explaining the factors causing airborne spread of 
viable tumor cells using a pulsed laser with a poorly absorbed beam in tumor 
surgery. These factors , already mentioned in section l. 5. on the interactions 
of laser beams with living tissues , are: 
1) The poor absorption and hence deep penetration of the laser beam in 
living tissues 
2) The very high power densities due to the short pulse durations 
3) The uneven distribution of the power density in the cross section 
of a pulsed laser beam , resulting in so called hot spots in the 
target area. 
The deep penetration and the high power densities together account for 
pressure effects under the surface of the tissue ,  in a manner of speaking 
"in a closed space". Due to the poor absorption and the uneven distribution 
of the power density , some cells in the superficial tissue layers remain 
unharmed. Some of these still  viable cells are thrown in the air by the 
steam developed in the deeper layers. 
The situation is quite different in the case of tumor evaporation with 
a co2 1 aser. Ninety-five percent of the energy of the beam of this 1 aser is 
absorbed in the first 150 µm of tissue. The continuous delivery accounts for 
an even (Gaussian) distribution of the power density in the target area. The 
power densities are high enough to vaporise tissue but no important pressure 
effects are conceivable. Within the steam arising from the surface only , 
some carbonised particles, cell sized particles and distinct cells are 
transported but this material has already been thermally devitalised (1. 5. 4 . ) .  
3. 4. 3. Conclusions 
Although some morphologically intact cells were found in smears of smoke 
and debris originating during evaporation of a tumor with the CO2 laser , no 
viable cells could be demonstrated neither by the trypan blue test nor by 
the in vitro and in vivo cultures. 
These favourable results,  as compared to the findings in experiments 
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with pulsed lasers, can be explained by the strong absorption of the beam 
of a CO2 laser, emitting at a wavelength of 10 . 6  µm, and by the continuous 
delivery of the energy, resulting in relatively low power densities and in 
an even (Gaussian) distribution of the power density in the target area. 
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Chapter 4 
CO2 LASER VERSUS CO NVENT IONAL SURGERY O N  EXPERIMENTAL TUMO RS 
4. 1.  Introduction 
The demonstration of local spread of viable tumor cells by the impact 
of a pulsed laser on a tumor ( 6 7, 68, 106 ) and the suggestion that viable 
tumor cells might be forced into blood vessels and lymphatics as well ( 68 ) ,  
led us to investigate tumor evaporation with the CO2 laser. Adverse effects 
of the co2 laser on local tumor spread with consequent local recurrences 
and on distant tumor spread leading to distant metastases had to be excluded. 
Therefore, we compared the local recurrence rate and the incidence of lung­
metastases after CO2 laser evaporation and after conventional excision of 
the Cloudman melanoma. 
4. 2. Materials and methods 
4 .2. 1 .  O utline of the experiments; treatment groups 
The experiments were performed in two operation series, referred to as 
series I and series I I. Each series consisted of six blocks of 40 mice, 
numbered 1 to 6. These 40 mice were subdivided into four treatment groups, 
called A, 8, C and D, with 10 mice each. A total of 480 mice was u sed in the 
two operation series. The blocks of series I and I I  were subsequently treat­
ed according to the schedules presented in table 4. I. The schedules of the 
blocks of series I and I I  differed only in that the time between tumor in­
jection and operation was seven days in the former and 10 days in the latter. 
This allowed the tumor to grow to a larger size. 
The 40 mice of each block were at random divided into the four treat­
ment groups, on day 8 in series I and on day 1 1  in series I I. The groups 
A and B allowed comparison of laser evaporation and conventional surgery. 
Group C showed the number of lung metastases already originated through day 
8 in series I and through day 1 1  in series II. Ligation of the femoral ves­
sels precluded iatrogenic hematogenous tumor spread during the exarticu­
lation. Group D showed the "natural history" of the tumor: the growth of the 
primary tumor and the development of metastases. 
4.2 .2 . The mice 
The mice were caged in groups of five and received water and food ad 
libitum. The animals were 8 to 10-week-old and weighed about 2 3  g when in­
oculated with tumor. 
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4.2 . 3 .  Preparation and injection of the tumor cell suspensions 
The tumor cell suspensions were prepared as described in section2. 3. l .  
In series I the mice were injected i.m. in the right calf musculature with 
0 .01 ml of a suspension prepared from fresh tumor, using a 1 ml syringe 
mounted with a 2 5 gauge needle. In series II the mice were injected in the 
Tab l e  4 . 1  
Trea tment  schedu l e  of a b l ock i n  ser i es I and i n  ser i es I I  
Injection of tumor suspens i on i nto right ca lf  musc l e  
Randomi sation i nto 4 treatment groups . 
A .  Evaporation of tumor wi th l aser. 
B .  Conventi onal exci s ion of tumor . 
C .  Exarti cul ation of the r ight hi nd 
l eg i n  the h ip  joint after l i gati on 
of the femoral vessel s .  
D .  No treatment . 
Anima l s  ki l l ed ;  autopsy performed. 
Seri es I Series I I  
day 1 day 1 
day 8 day 1 1  
day 28 day 31 
The t rea tmen t schedu l es for t he b l oc ks of ser i es I and I I were equa l but for 
the fac t tha t the t i me between tumor i nj ect i on a nd opera t i on was l onger i n  
ser i es I I ,  thus a l l ow i ng the tumor to g row to a l a rger s i ze .  
The groups A and B a l l ow compa r i son o f  l aser evapora t i on and conven t i ona l 
surgery . G roup C i s  mean t  to show the number of l ung metas tases a l ready or i g­
i na ted through day 8 i n  ser i es I and through day 1 1  i n  ser i es I I . L i ga t i on 
of the femora l ves se l s prec l udes i a trogen i c  metas tases due to the exa r t i c ­
u l at ion . G roup D i s  meant  to show the natura l h i s tory of the tumor . 
right calf as well but more superficially and more precisely halfway the 
knee joint and the hough. The tumor cell suspensions, prepared from the in 
vitro cell line, were >9 5% viable (2. 3 .2.) .  A dose of 10 µl containing2. 105 
viable cells was injected, using a 10 µl Hamilton syringe . The mice were in­
oculated and marked in the ears for identification under the same i. p .  nem­
butal anesthesia. 
4.2 . 4 .  Operation procedures 
The surgical procedures in the groups A, B and C were carried out under 
i . p .  nembutal anesthesia, using a binocular operation microscope magnifying 
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eight times. The hair in the operation field was gently removed with scis­
sors. In the groups A and B the tumor was approached via a longitudinal skin 
incision in the posterior aspect of the leg. The two largest dimensions 
of the tumors were measured with a ruler. The square root of the prod-
uct of these two dimensions was calculated and will be referred to as the 
"tumor size". In the groups C the tumors were measured after amputation of 
the legs. For laser treatment the animals of group A with an exposed tumor 
were fixed on a freely movable operation table above which the 1 6 5  mm focal 
length handpiece with guide lights was held steady in a clamp (figure 4. 1). 
The dial setting of the laser was at an output of 1 0  to 2 0  W, since thi s  
output resulted in the most suitable velocity of tissue evaporation in pre­
liminary experiments. Moving the focus back and forth over the surface of 
the tumor and gradually going from the periphery to the centre, the tumor 
and a rim of grossly normal tissue were evaporated. The resulting wound bed 
was a shallow crater in the musculature of the leg (figure 4.2). The dark 
color of the tumor facilitated the assessment of the radicality of the pro­
cedure. In group B the tumor and a margin of grossly normal muscle were 
removed with forceps and scissors. The policy was to remove the tumor as ra­
dically as possible avoiding the endangering of the vitali ty of the leg by se­
vering vessels, nerves or bone (figure 4.3 ). Virtually, this went along with 
removal of about 50% of the calf musculature and a smaller part of the thigh 
musculature for both modalities; in the second series the tumors being larger, 
more tissue had to be removed than in the first series . In the groups C the 
femoral vessels were approached via a groin incision and ligated (figure 4. 4). 
Exarticulation of the right hind limb in the hip joint followed. The wounds 
were sutured with 4-0 a traumatic mers il ene. The mice of group D got no trea1ment. 
4.2. 5. Gross examination 
On day 28  in series I and day 3 1  in series II the mice of a block were 
killed by neck dislocation. Abdomen and chest were opened and the animals 
fixed in formalin. Gross examination of the fixed mice was performed using 
an operation microscope magnifying eight times. Special attention was payed 
to the right hind leg: local recurrences were noted and measured in two di­
mensions (figure 4. 5). The tumors in the groups D were measured in two di­
mensions. The size of these tumors was calculated as mentioned earlier. Un­
harmed legs were recorded as vital, legs damaged to any degree as devital­
ised (figure 4. 6). Metastases were looked for in all organs but special 
attention was directed to the lungs and the regional lymph nodes. 
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Fig. 4. 1 Experimental set up for laser treatment : the 165 mm focal 
length handpiece with external light  guides , the b i nocu l ar mi cros­
cope (magn i fy ing eight  times) and the movable operation tab le. 
F i g .  4 . 2  The sha l low c ra ter i n  the muscu l a ture of the r i gh t  h i nd 
l eg of a mouse from ser i es I I af ter l aser evapora t i on of a C l oudman 
me l anoma . Note the absence of b l eed i ng .  
F i g .  4 . 3  A C l oudman me l anoma i n  the r i ght  h i nd l eg of a mouse from 
ser i es I I ,  a l mos t comp l ete l y  exc i sed wi th conven t i ona l methods . 
Note the b l eed i ng .  
43 
44 
F i g . 4 . 4  I nc i s i on i n  the r i ght g ro i n  of a mouse f rom an ampu ta t i on 
group of ser i es I I .  The femora l vesse l s  a re 1 i gated . 
I 
Ail[ 
F i g . 4 . 5  A huge recurrent tumor in a l aser treated mouse from se­
r i es I .  
4. 2. 6. Microscopic examination 
After completion of the autopsies of both operation series the two mice 
with the largest tumor at the time of operation, who remained free of local 
recurrence, were selected from each treatment group A, B and C. In the same 
way from each control group D the two mice with the largest tumor were cho­
sen . Microscopic evaluation of the lung metastases was done in these 9 6  
mice. The formalin fixed lungs were dissected into five l obes; these were 
separately embedded in paraffin with their ventral surfaces downwards. The 
l obes measured about 3 mm in ventro-dorsal dimension. In the groups A, B and 
C ten 5 µm thick sections were cut at a rel ative distance of 100 µm. Thus a 
vol ume of l ung tissue was covered with a height of about 1 mm, somewhere in 
the midportion of the lobes . In the groups D only two s l ides were made. The 
H and E stained sections were screened at a magnification of 100. Suspect 
areas were studied with higher magnifications. The slides were examined 
under code. 
4.3 .  Resul ts 
4.3 .1. Fate of the animal s and development of the tumors 
As pointed out, 240 mice were treated in the first series. Two animals 
were lost by intercurrent death. Thirteen mice had to be discarded because 
they had no grossly visible tumor on day 8. The average percentage of mice 
with tumor grossly visible on day 8 was 93 . From the 240 mice of the second 
Table 4 .11 
Fate of the a n i mals in the operation series I and I I 
treatm. no. of mice no. of mice lost mice di scarded : takes at :. takes i n  rema i ni ng no . 
group on day 1 by i ntercurr. for havina no the time of arours 0 of mi ce 
death " take" at op . operation 
Series Seri es Seri es Series Series Series 
I I  I I  I I  I I  I I  I I  
A 60 60 0 0 R 0 87 100 52 60 
60 60 0 0 95 100 55 60 
C 60 60 0 0 97 100 58 59 
0 60 60 0 100 1 00 60 59 
tota 1 s 240 240 2 2 13  0 225 238 
480 m i ce were treated i n  the two operation ser i es. 
13 animals had to be d i scarded as hav i ng no grossly visible tumor on the day 
of operat i on. 
Four animals were lost by i ntercurrent death. 
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series onl y  two were l ost by intercurrent death. Al l mice of the groups A, 
B and C had grossl y visible  tumors on day 11. There were no take failures 
in the animals  of the groups D in both series (table  4. II). 
Series I 
Series I I  
Table 4 . 1 1 1  
Tumor s i zes i n  the operat i on ser i es and I I  
A I B I C I mean of A ,  D I recurren- l recurren-B and C ces of A ces of B 
day 8 day 28 
3 . 6  _:t 1 . 8  3 . 9  _:t 1 . 8  4 . 0  + 1 . 7  3 . 8  :!:, 1 . 8  26 . 6  + 5 . 4  22 . 9 .!_ 6. 7  1 9 . 7  + 6 . 9  
(n=52) (n=55) (n= 58 ) (n= l65) (n=60 ) ( n= l3 )  (n= l 3 )  
day 11 day 31 
8 . 5  + 2 . 4  9. 1 .!. 2 . 0  9 .  5 _:t 2 . 3  9 . 0  .!. 2 . 3  1 9 . 7  + 9 . 5 1 0 . 4 .!_ 4 . 9  1 3 . 0  + 10 .9  
( n=60 ) (nc60) (n=59 ) (n= l79)  (n= 59 ) ( n=3 )  (n=3)  
The tumor s i ze was cal cu l ated by tak i ng the square root of the p roduct of 
the two l argest d i mens ions . The s i ze + SD i s  g i ven i n  mm. The tumors on day 
1 1  i n  ser i es I I  were s i gn i f i cant l y  l arger than the tumors on day 8 i n  ser i es 
I (t-test , p<0 . 0 01 ) . The tumors on day 3 1  i n  ser i es I I ,  however ,  were s i g ­
n i f i cantly sma l ler than the correspond i ng tumors on day 28 i n  ser i es I 
(t-test , p<0 . 001 ) . The growth rate of the tumors was changed , probabl y  due 
to the i n  v i t ro ma i ntenance of the tumor . 
The sizes of the tumors and l ocal recurrences devel oped on day 8 and on 
day 28 in series I, and on day 11 and on day 31 in series II, are summa­
rised in table 4.I I I. The tumors to be treated in the second series on day 
1 1  were more than twice as l arge as the tumors in the first series on day 8. 
Figure 4. 7 demonstrates a medium-sized tumor of series I and of series I I  
in the amputated l egs of mice from the groups C. The rel ationship between 
the tumors and the musculature as wel l as the narrow rim of normal tissue 
separating the tumors from the vital structures are shown. These tumors had 
a more uniform size in series I I  than in seri es I, the variation coefficient 
being 2 5% in series II and 4 6% in series I. The l ocal isation, al though not 
measured seemed to be more uniform and more superficial in series I I  than 
in series I .  It is remarkabl e, that the tumors on day 31 in series II were 
significantly smal l er than the tumors on day 28 in series I and l ess uni­
form, the variation coefficient being 20% for the tumors of the groups D in 
series I and 48% in series II. 
4. 3.2 . Local recurrences and vital ity of the right hind l egs 
The percentages of mice with l ocal recurrences were the same in the 
4 6  
I • I 
F i g . 4 . 6  The dev i ta l i sed l eg of a laser treated mouse from ser i es 
I I .  The normal left l eg i s  shown for compar ison. 
I • I 
F ig. 4 . 7 Amputated l egs of m i ce from ser i es I and ser i es I I show­
ing med i um-si zed tumors . 
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laser and the conventionally treated mice in both operation series: about 
25% for both modalities in series I and 5% in series II (table 4 . IV). 
Although the tumors to be removed were significantly l arger in series 
I I  than in series I the number of local recurrences was significantly less 
in the former (�) than in the l atter (26). 
Table 4. I V  










no . of mi ce 
Seri es 
I I  
60 1 3  
60 13 
59 0 
no . of mice with no . of mi ce wi th 
l oca l  recurrences devi tal is ed l egs 
Seri es Seri es 
I I  I I  
( 25% ) 3 ( 5% )  3 ( 6%) 11 ( 1 8% )  
( 24%)  3 ( 5% ) l ( 2% )  19 ( 32%)  
0 
In both series the results in the l aser and in the conventiona l l y  treated 
m'. ce we�e equa l : The nu�ber o� local recurrences , however , was s i g n i f i cantly 
h i gher 1 n  the f i rst ser i es (x - test , p<0 . 0 0 1 ) .  The number of dev� talised legs 
on the con trary was sig n i ficantly higher in the second series (x - test , 
p<O  . 00 1 ) .  
The numbers of devitalised legs in the laser and the conventionally 
treated mice were not significantly different: three devitalised legs due 
to laser treatment and one due to conventional treatment in series I; 11 
due to laser treatment and 19 due to conventional treatment in series I I . 
The number of devitalised legs was significantly higher in series I I  
(30) than in series I (4). 
4 .3.3. Gross and microscopic metastases 
Metastases were found only in the lungs. I n  both series I and I I, the 
numbers of animals with gross and microscopic metastases were uniformly low 
in the mice without local recurrences in the groups A, B and C. There were 
no differences neither between the treatment groups in a series nor between 
the series (table 4 .V  and 4.V I). The percentage of mice with gross metas­
tases in the groups D of series I was significantly higher than in the 
groups D of series I I. 
Microscopic investigation of the lungs showed an almost fivefold in­
crease of the number of mice with lung metastases in the groups A, B and C. 
Two of the 72 microscopically investigated mice of these groups had gross 
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metastases but nine of them appeared to have microscopic metastases . In the 
groups D this increase was much less. Sixteen of the 24  microscopically 
i nvestigated mice had gross metastases and 2 3  had microscopic metastases. 
The total number of microscopic metastases was also larger than the number 
of grossly detectable metastases. The majority of these microscopi c  metas­
tases were localised in the depth of the lung parenchyma and not subpleurally. 
Tab le  4 .V 
Gross lung metastases i n  the operation ser i es I and 1 1  
treatment group n no.  of mice with total no . of 
metastases metastases found 
Seri es Series Seri es 
I I  I I  I + I I  
A without a l oca l recurrence 39 � 0 ( 2i ) 2 
A with a l ocal recurrence 1 3  3 3 ( 23% ) 0 10  
B without a l ocal recurrence 42 � ( 2 . 5% )  0 
B wi th a l oca l recurrence 13  3 4 ( 3 1 % )  1 ( 33% ) N 
C � 59 2 ( 3 . 5% )  0 5 
D 60 59 M ( 57 % )  21 ( 36% )  235 
The number of mice with gross metastases was un i formly low i n  the recu r rence­
f ree mice of the treatment g roups A and B and of the groups C .  No sig n i f icant 
d i fferences were found neither between the g roups A ,  B and C nor between the 
ser ies I and I I .  The h i gher number of m ice w i th metastases i n  the recur rence­
bea ring m i ce i n  the groups A and B were due to tumor seed i ng from the re­
cur rent tumor . 
The tumor was capable to g i ve r i se to l ung metastases as was appa rent from 
the g roups D. The s i gnificantly lower number of �ice w i th metastases i n  the 
g roups D of ser i es I I  as compa red to series I (x -test , p<0.01 ) can be ex­
pla i ned by the changed biolog i cal behav i our of the tumor resulting in 
smaller tumors and hence less metastases. 
4 . 3. 4. Blood loss; duration of the procedures; wound healing and functional 
results 
Blood loss was virtually absent in the mice of the groups A whereas in 
the groups B always some and sometimes considerable blood loss did occur 
{ figure 4. 3). 
It appeared that with the small tissue volumes encountered i n  these ex­
periments the time needed for evaporation of the tumor was in the same order 
of magnitude as the time consumed for excision of the tumor with conventional 
methods. 




Tab l e  4 .V I  
M i croscop i c  and gross l ung metastases in 96 mice of the operat i on series I and I I 
treatm. total no . no . of no . of mi ce wi th metastases 
group of mi ce i n- sli des per 
vest igated mouse 
Ser i es Ser i es Ser i es 
I+  I I I +  I I I I I 
mi crosc . gross mi crosc. gros s 
A 24 10 0 0 3 1 
8 24 10 1 1 1 0 
C 24 10 2 0 2 0 
0 24 2 1 1  8 1 2  8 
* Day 28 in groups D t Day 3 1  in groups D 
total no . of 
metastases 
Ser i es 
I + I I 





mean tumor s i ze 
+ SD 
Ser i es 
I I I 
day a• day 11 t 
5 . 1 + 1 . 0  10 . 4  + 1 . 9 
5 . 7 + 1 . 1  1 0 . 7  + 1 . 3  
6 . 0  + 1 . 8 1 2 . 1  + 1 . 3  
32 . 2  + 2 . 6  29 7 + 3 . 4  
The two recurrence-free mice w i th the largest tumor i n  every treatment group were selected for m icroscop i c  i nves­
tigat i on of the lungs .  
Apart from the g roups D ,  i n  which virtually all mice developed microscop i c  metastases , the numbers of  mice with 
microscopic metastases were smal 1 .  No significant differences were demonstrable neither between the g roups A ,  B 
and C nor between the series I and I I .  The numbers of mice w i th gross metastases , and the numbers of g ross metas­
tases are g i ven for comparison. I t  appears that much more metastatic foc i were found on microscopic investigat i on. 
Most of these were not local i sed subpleurally . Due to selection of the two largest tumors of every treatment group , 
the lat ter were significantly larger than the mean tumor size of the corresponding g roups ( t - test , p<0 . 0 01). 
wounds, however, were perfectly healed in the groups A, B and C at the time 
of autopsy. The laser treated mice did not seem to be more disabled than 
the mice conventionally operated on. 
4 . 4. Discussion and conclusions 
4 . 4 .1. Fate of the animals and development of the tumors 
Some of the 13 animals in series !,  which had to be discarded as having 
no grossly visible tumor on day 8, appeared to have developed a tumor on 
day 28 when left untreated (table 4 . I I) .  Obviously there had been tumor on 
day 8 but not grossly detectable . This is in agreement with the fact that 
the majority of the animals "without takes" was in the laser treatment 
groups . The protocol of the laser treatment implied, that the tumor-bearing 
leg could not be explored as in the conventional surgery group. Therefore, 
tumors with a deep localisation sometimes remained undetected. This could 
have biased the results of the laser treatment groups. To avoid these prob­
lems in the second operation series, the tumor cell suspension was injected 
more superficially . In this second series all mice in the groups A and B 
had grossly visible tumors on day 11. The more superficial localisation and 
the larger size of the tumors have contributed to this result. 
The mean tumor size on day 8 (4 mm) in series I is slightly overesti­
mated due to discarding of the mice without detectable tumors (table 4 . I II). 
Nevertheless, the tumors in series II were more than twice as large ( 9 mm). 
Thus one of the objectives of the second series, to grow a larger tumor, 
was attained . The means by which this was achieved was the longer interval 
between inoculation and operation . Another goal in the second series, to 
make more uniform tumors in the treatment groups A, B and C, was attained 
as well . This may be attributed to the highly standardised suspension in 
series II and in part to the more standardised injection technique . The 
smaller size and the larger variation in the dimension of the tumors on day 
31 in the groups D in series I I  as compared to the tumors in the groups D 
in the first series on day 28 are difficult to explain. Probably the bio­
logical behaviour of the tumor was changed by the maintenance in vitro. In 
vitro maintenance and trypsinisation of the tumor cells may have changed 
the cell surface (103) and hence the immunologic tumor-host relationship. 
This alteration can be expected to have a more profound influence on the 
development of the tumor after day 11 than before that moment. This might 
explain why the early development of the tumors in series I and series I I  is 
quite similar, whereas in the later stages the tumors in series I and I I  
show a different growth pattern. Variations in biological behaviour of the 
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Cloudman melanoma have been previously attributed to changes in the main­
tenance of the tumor (132). 
Due to the fact that surgical exploration was impos sible in the laser 
treated groups, the measured tumor dimensions in both series were smaller 
in these groups than in the conventionally treated groups , although not 
significantly. 
4.4.2. Local recurrences and vitality of the right hind legs 
The groups treated with laser and conventional surgery had the same 
local recurrence rate in both operation series (table 4. I V). These results 
are not influenced by spontaneous regression of the tumor after partial re­
moval. This phenomenon, known to occur in some experimental tumors, has never 
been noticed with the Cloudman melanoma. Neither are the results in the laser 
groups biased by the effects of local hyperthermia, described by Crile in 
his experiments on the treatment of tumors with local hyperthermia up to 
46°C (13, 14). The penetration of heat and the exposure times in the present 
experiment were insufficient to produce such effects. Thermal devitalisation 
with the CO2 l aser occurs only invnediately and in a very narrow zone adjacent 
to the crater resulting from tissue evaporation. The conclusion is justified 
that laser evaporation does not provoke local spread of tumor cells any more 
than conventional surgery. These results are in contradistinction to the 
findings of the group of Ketcham investigating the pulsed laser . In an 
experiment designed to evaluate the potential spread of tumor cells into 
tissue planes, Cloudman melanomas implanted i.m. in the leg were exposed 
to a high-energy single pulse of neodymium laser light. Twenty-four hours 
later the leg was amputated above the site of gross tumor. The recurrence 
rate at the site of amputation was 0% in the control group (mice having leg 
tumors of similar size, but not treated with laser). In the laser treated 
group, however, recurrence varied from 40 to 60% (6 7). It is obvious that 
in this experiment the recurrences were not due to airborne viable tumor. 
The area which might have been contaminated with airborne tumor was ampu­
tated. Local tumor dissemination is most likely to occur with soft tumors 
such as the Cloudman melanoma but has been observed in other tumor systems 
as well. Viable tumor cells have been forced along muscle bundles and tissue 
and fascial planes for a distance of over 1. 5 cm (68) . These adverse effects 
of the pulsed lasers are due to pressure phenomena occurring when a laser 
pulse hits a tumor . The viable cells in the periphery of the tumor are forced 
into the adjacent tissue. Although in the present operation series the 
technique of tumor evaporation going from the periphery to the centre of the 
tumor was designed so as to maximise the chance of forcing tumor cells in 
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underl ying tissues, this obviousl y did not occur. This is in 
the theoretical considerations on the interaction of the CO
2 
tissues, leading to the conclusion that 
using the CO
2 
laser (1. 5 . 4 . ). 
pressure effects are 
agreement with 
l aser with 
unlikely when 
The number of devitalised legs was the same in the l aser and con-
ventionally treated animals in both operation series . This allows us to 
conclude that laser surgery was not more damaging to the legs than con­
ventional surgery . This is in accordance with the narrow zone of thermal 
damage caused by the CO
2 
laser (4 7, 128). Verschueren found a relationship 
between the exposure time and the extent of the thermal damage. A short 
exposure time went al ong with a narrow zone of thermal damage regardless 
of the energy output and vice versa . We had the opportunity to confirm his 
findings in an "accidental experiment" . In one of the blocks of the second 
operation series the 10 mice of group A had to be treated with a poorly 
focused laser beam due to maladjustment of the beam guiding system . Apart 
from that, the block was treated according to the standardised protocol . 
Seven out of the 10 l aser treated mice in this block showed devital ised 
legs. This was significantly more than the 11 mice out of 60 in the six 
blocks of the second operation series (X 2-test , p<0 .005). The number of 
devitalised l egs in the conventionall y treated mice was two out of 10. 
This was in the normal range as compared to the mice of the groups B in the 
second series: 19 out of 60 . 
All other conditions being equal to the "normal" operation series II, 
the poor results in these 10 laser treated mice were due to the poorl y 
focused laser beam. Since the dial setting was in the normal range -10 to 
20  W output- the exposure times needed for tumor evaporation were con­
siderabl y longer . These l onger exposure times have l ed to more devitalised 
1 egs . 
4 . 4 .3 .  Comparison of the first and the second operation series 
Although the tumors on day 8 in the first series were smal ler than the 
tumors on day 11 in the second series, the number of local recurrences was 
higher in series I than in series I I  (table 4 . I I I) . A number of factors may 
have contributed to this result. 
- A deeper and l ess uniform l ocalisation of the tumors in series I .  
- A more aggressive surgical approach in series II. 
- A change in the biological behaviour of the tumor in series II . 
- A l earning effect . 
A deeper l ocalisation of the tumors in the first series can be deduced from 
the relationship between the size of the primary tumor and the probability 
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of developing a local recurrence. One would expect that the larger the 
tumor, the greater the probability of a recurrent tumor. It appeared, how­
ever, that the mean tumor size on day 8 was significantly smaller in the 
mice who developed a local recurrence than in the mice who did not {table 
4. VII). This difference in tumor size cannot be real, since smaller tumors 
Ta ble 4.V I I 
Tumor s i zes related to local recurrences a nd devi talised legs 
treatment recurrence no vital non 
group recurrence vi ta 1 
3 .  7 + 1. 8 3 .0 + 1. 7 3 . 4 + l . fi  6 . 0  + 2 . 8  
A 
(n = 3 9) (n = 13 ) (n = 49) {n = 3 )  
4 .2 + 1 . 7  3 .0 + 2 .2 3 . 9 + 1 .8 6 .3 
(n = 42) (n = 13 ) ( n = 54) (n = 1) 
4 .0 + 1. 7 3 .0 + 1 . 9  3 . 7 + 1 . 7  6 . 1 + 2 .3 
A+B 
{n = 81) { n = 2 6 )  { n  "' 103 )  {n = 4) 
8.4 + 2.4 10. IJ + 1 . 4  8 . 8  + 2 . 5  7 . 8  + 2 . 0 
A 
( n = 5 7) (n = 3 )  (n = 49 ) (n = 11) 
V) 
B IJ.J 
9 . 1  + 2 .0 10.5 + 1 . 7  13 . 9  + 2 . 1 9 . 9 + 1 . 7  
IJ.J 
(n = 57) (n = 3 )  (n = 41) (n= 19) 
V) 
8. 7 + 2.2 10.7 + 1 . 4  8. 7 + 2 .3 9 .2 + 2 .0  
A+B 
(n = 114) {n = 6 )  ( n  = 90) (n = 30) 
The mean tumor s i ze + SD in mm of the tumors followed by local recurrences 
and dev i ta l i sed legs-a f ter t reatment and of the tumors cured wi thout compli­
ca t i ons are compared . The measured s i zes of the tumors followed by a local 
recurrence were signif i cantly smaller i n  the f i r s t  series ( two tailed 
t-tes t ,  p<0.02) due to the deep local i sa t i on of the tumors . These tumors 
were s i g n i f i cantly larger , however , i n  t he second series ( two tailed t- tes t ,  
p<0.05) . The tumors followed by a devita l i sed leg were sig nifica ntly la rger 
i n  the f i r s t  series ( two tailed t-tes t ,  p<0.02) I n  t he second series , how­
ever , no such difference was found. 
should be easier to remove. Obviously, only a part of the tumor has been 
measured due to the extension of the tumor to such a depth that the tumor 
coul d  not be completely visualised. This is in agreement with the observation 
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that some mice in the groups A "without takes" yet devel oiaJ tumors , and that 
some tumors showed extensions towards bone and vessels (96). Moreover, some 
multicentric tumors were found. Therfore, as mentioned earlier, the proto­
col was changed in the second series . The suspension was injected more 
superficially in the calf, and more precisely halfway the knee and the hough . 
this resulted in a more uniform localisation, and as a consequence the ex­
pected rel ationshi p  between tumor size and recurrence rate was found. The 
tumors followed by a local recurrence were significantly larger than the 
remaining tumors (table 4 .VI I). 
The higher number of devi tali sed legs in seri es I I  mi ght point at a 
more aggressive approach but on the other hand could be the consequence 
merely of the larger tumors to be removed. The more aggressive technique 
is more convincingly demonstrated by the relationshi p  between tumor size and 
devitalised legs. In the first operation series the tumors, whose treatment 
was complicated by devitalisation of the leg, were significantly larger than 
the remaining, pointing at a cautious, saving approach. No such relation­
ship between tumor size and devitalisation of legs, however, was demonstra­
ble in the second series (table 4.VII). 
A changed biological behaviour of the tumor in the second series i s  
strongly suggested by the significantly smaller tumor size in the animals of 
the groups D, and the significantly smaller number of mice with gross metas­
tases, due to the smaller tumors, in these groups as compared to the fi rst 
series. The tumor may have become less malignant and as a consequence more 
amenable to treatment . The first blocks without local recurrences, however, 
were the fifth and sixth of series I. In these blocks the tumor behaviour 
had not yet changed (figure 4 .8). 
The series I and II differ in so many respects that the results cannot 
be pooled in order to investigate the possibility of a learning effect . The 
protocol in two pilot experiments preceding series I, however, was the same 
as in series I. These experiments were di scarded from the series because 
there were no mice available to form control groups. When considering the 
possibility of a learning effect, it is allowed to compare these two pilot 
groups with the laser and conventional surgery groups of series I. The im­
provement of the results in series I as compared to the results in the pilot 
experiments - less local recurrences and less devitalised legs - suggests 
a learning effect. This could not be confirmed statistically, however 
(figure 4. 8). 
4 . 4. 4. Gross and microscopic metastases 
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s carce. Bone marrow emboli were demonstrated by Goldman in the lung� of 
rabbits after pulsed laser irradiation of their femurs. Embolisation was 
caused by high pressures built up in the closed space of the femur {3 5). 
Ketcham suggested that due to the pres sure effects of a laser pul se impacting 
on a tumor, viable  tumor ce l l s  might be forced in blood vessels and lympha­
tics (68) . There is, however, no experimental evidence thus far to confirm 
this hypothesis. Riggle et al. (106) investigating the influence of a pulsed 
neodymium laser on hematogenous tumor spread were unable to demonstrate an 
increase of lung metastases. The small Cloudman mel anomas, 3 mm in diameter ,  
remained virtually undamaged and showed only a delay in the onset of growth 
as compared to untreated controls. The mice were killed after six weeks, 
when the treated and the control tumors were 2 to 4 cm in diameter. The size 
and the number of metastases in the control and the treated animals were 
similar. One can assume that no increase in metastases over the controls 
was noted in the laser treated mice, because the effect of manipulation was 
masked by the large number of metastases originated from the huge recurrent 
tumors. In the case of large primary tumors - treated radically or amputated 
immediately after manipulation - the effect of manipulation on the number 
of metastases will be masked by the large number of metastases already esta­
blished before manipulation (105). In short, the masking effect due to local 
recurrences occurs after manipulation and due to large primaries has al­
ready occurred before manipulation. 
It appears from the work of Ketcham et al. referred to in chapter 2 
that a Cloudman melanoma with a diameter of 1 . 5  cm amputated on day 21 has 
metastasised in about 60 to 80% of the mice. It is obvious, that effects of 
manipulation are extremely difficult to prove, when operating on a tumor of 
this size. Leave it alone to demonstrate the slight differences between two 
types of manipulation. 
These considerations prompted us to use relatively small tumors in 
these operation series. The tumor had to be amenable to radical treatment 
with an acceptable number of devitalised legs, for recurrence-bearing mice 
could not serve to evaluate an iatrogenic influence on the metastases. More­
over, small tumors have a low background of spontaneously established metas-
F i g. 4 . 8 Percentages of m i ce w i th local recur rences and dev i tal i sed legs are 
presented for two p i lot exper i ments and for the 1 2 g r oups A and B of ser i es 
I and I I i n  a chronolog i ca l  order . A learn i ng e ffect i s  suggested when the 
results of the two p i lot exper i ments and of the fi rst operat i on ser i es are 
compare d .  Th i s  cou l d  not be conf i rmed stat i st i ca l l y ,  however . 
The number of loca l recu rrences i s  s i g n i f i cantly h i gher i n  the f i r st  ser i es 
( x2-test ,  p<0 . 00 1 ) .  The number of dev i tal i sed l egs  i s  s i g n i f i cant l y  h i gher 
i n  the second ser i es ( x
2 -test ,  p<0 . 00 1) . See a l so tab l e  4 . I V .  
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tases, which makes the detection of an iatrogenic promotion of metastasis 
more feasible. Therefore, we decided to treat the mice relatively ear ly  
after inoculation, on day 8 in  series I and on day 1 1  in  series I I. The ex­
pected size being about 0. 5 cm and 1 cm respectively, the tumors will have 
metastasised infrequently (53, 134). 
The mice were killed 3 weeks after manipulation. This interval was 
based on the assumption that tumor emboli shed to the lungs during surgery, 
developing into grossly visible metastases, do so in about 2 to 3 weeks 
(section 2 .2 .). The critisism of Mellgren (86) on the method of Wexler and 
the observation that microscopic metastases inside the lung parenchyma did 
occur, were reasons to investigate at least some of the lungs microscopical­
ly in addition to the gross inspection. The two mice with the largest tumors 
of every group were selected for microscopy, since the chance of finding 
metastases was most likely in these 9 6  animals. 
The occurrence of gross lung metastases in 57% and in 36% of the mice 
of the groups D in the first and the second operation series respectively 
and the almost 100% occurrence of lung metastases in the microscopically 
investigated lungs of the mice of the groups D in both series, proved the 
capability of the tumor to give rise to hematogenous metastases. The sig­
nificantly lower number of animals with metastases in the groups D of series 
I I  as compared to series I (table 4. V) can be explained by a changed bio­
logical behaviour of the tumor resulting in smaller tumors, and hence less 
metastases. The metastases i n  the recurrence-bearing mice were due to tumor 
seeding from the large recurrent tumors.  Therefore, in evaluating the spread 
of tumor due to manipulation these mice had to be discarded. 
The numbers of animals with gros s and microscopic metastases in the 
recurrence-free mice of the treatment groups A and B were approximately the 
same as in the groups C in both series I and II. As in the latter mice the 
femoral vessels were ligated before amputation of the right hind leg in the 
hip joint, the lung metastases had developed from tumor emboli shed through 
the day of operation and not from iatrogenic tumor emboli due to the opera­
tion procedure. The conclusion can be drawn that no adverse i atrogenic in­
fluence on the hematogenous spread of tumor could be demonstrated in these 
operation series, neither in the laser nor in the conventionally treated 
animals. Despite the larger tumors in series II the number of gross and mi­
croscopic metastases was the same in the first and the second series. Even 
with the larger tumors with a greater risk of shedding tumor emboli, an 
effect of manipulation could not be demonstrated. 
The findings that much more metastases could be found by microscopic 
investigation as compared to gross inspection and that the majority of the 
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microscopic metastases were localised inside the lung parenchyma and not sub­
pleurally, are in agreement with the experience of Mellgren (86) and in con­
tradistinction with the results of Wexler (133) . 
These results do not prove that no differences in tumor spread have 
occurred, but these differences were not expressed in the numbers of metas­
tases in the treatment groups. It is reasonable, however, to assume that 
there is a rather constant relationship between the number of tumor emboli 
dislodged and the number of metastases developed under standardised condi­
tions (79 , 1 38). 
The results in the laser treated groups are in agreement with the theo­
retical assumption and the experimental finding (4 7) that no pressure effects 
occur in the interaction of the CO2 laser with living tissues. Because the 
tumors were excised, one would not expect a detrimental effect on the pattern 
of metastases in the conventionally treated animals . An incisional biopsy 
might change the picture . 
The claimed reduction of hematogenous tumor spread by the CO2 laser due 
to sealing of the cut ends of blood vessels and lymphatics could not be de­
monstrated in these operation series. One obvious reason is that the number 
of metastases was so low, that a further reduction would go unnoticed. An 
other reason may be that this capacity of the CO2 laser can be demonstrated 
only if the CO2 laser is compared with conventional surgery in performing 
an i ncisional biopsy. 
4 . 4 .5 . General aspects of laser surgery in the present experiment 
The minor blood loss and the virtually normal wound healing were in 
agreement with reports of Hall (4 4, 45 ). The favourable functional results 
are in accordance with the minimal thermal damage already demonstrated by 
the low number of devitalised legs. 
Complete evaporation and excision of the tumors lasted equall y  long i n  
these experiments. With larger tumors, however, tumor evaporation may take 
too much time. Excision of the tumor using the laser as a light knife is the 
method of choice in such cases. 
The operation series were not designed so as to test the manoevrability 
of the handpiece, but the local results demonstrate that a very accurate 
operation technique was possible with the handpiece fixed over the movable 
table. The external light guides, essential to position the target in the 
focus, functioned satisfactorily. 
4 . 4 . 6 . Conclusions 
The CO2 laser did not promote the local spread of viable tumor cells, 
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s i nce the l ocal recurrence rate was the same i n  the l aser treated ani mal s 
and those conventional ly operated on .  
The thermal damage caused by the CO2 l aser was l i mi ted and easy to  con­
trol s i nce the number of dev i ta l i sed l egs was the same i n  the l aser and con­
venti onal l y  treated ani mal s .  Prec i se operat ion wi th the CO2 l aser was pos s i ­
b l e  i n  th i s  experimenta l set u p .  
The CO2 l aser had n o  detri menta l effect on the number o f  hematogenous 
metastases , the percentage of mi ce wi th l ung metastases bei ng the same in  
the l aser , the conventi onal l y  treated and the amputated control mice .  
CO2 l aser evaporati on of the i .m .  l oca l i sed tumors was pos s i b l e  vi r­
tua l ly wi thout b l ood l os s .  
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Chapter 5 
CO2 LASER VERSUS CONVENTIONAL SURGERY PERFO RMING INCISIONAL BIOPSIES FROM 
EXPERIMENTAL TUMO RS 
5.1. Introduction 
The CO2 laser might reduce iatrogenic tumor spread during an operation 
as compared to conventional surgery, because the CO2 laser seals the cut 
ends of blood vessels - as apparent from the reduced bleeding - and possibly 
of lymphatics (47, 62). This beneficial effect of the CO2 laser could not 
be demonstrated in the previous experiment as pointed out in the discussion 
of chapter 4 .  An experiment in which the co2 laser and conventional methods 
are compared in performing incisional biopsies might provide evidence rela­
tive to this problem. 
It is generally accepted that only a very small percentage of the tumor 
emboli actually develop into growing metastatic foci (2 3, 42). Since in the 
previous experiment the number of metastases was small, it seemed worthwhile 
to use tumor emboli in the lungs shortly after treatment as a measure for 
iatrogenic hematogenous tumor spread rather than lung metastases after a 
longer period of time. Lymph node metastasis does not occur in this experi­
mental system. Microscopic investigation of the regional lymph nodes, how­
ever, might show trapped tumor emboli shortly after manipulation, and thus 
provide a measure for lymphatic tumor spread. 
The critisism on identification of tumor cells by routine morphological 
methods pertains mainly to identification of solitary cells, especially when 
these cells have been separated from the blood (97, 131, 135). The identifi­
cation of embolic tumor cells in lungs, however, is possible with routine 
histologic methods (9, 60) .  This method can be considered even more reliable 
when only clumps of tumor cells consisting of at least two cells are re­
corded (119). 
5.2. Materials and methods 
5.2.1. Outline of the experiment ; treatment groups 
The experiment is outlined in table 5. I. The groups A and B allowed 
comparison of iatrogenic tumor spread after laser and conventional incision 
of the tumor. Both procedures were carried out under i.p. nembutal anesthe­
sia after incision of the skin . Therefore, the influence of these manipu­
lations on hematogenous tumor spread had to be investigated separately in 
control animals: the groups C and D. Group E was introduced because massage 
of 'lte tumor might promote hematogenous tumor spread (16,  71, 82, 126 ). 
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The interval between inoculation and operation was 20  days, thus al­
lowing the tumor to grow to the size of about 1. 5 cm in diameter {6 3, 6 4, 
134). The number of metastases is still low on day 21, the incidence being 
about 10%. Spontaneous shedding of tumor emboli has occurred, as apparent 
Tab le  5. 1 
Out ] ine of the experiment 
I nj ect ion  of 200, 000 v i abl e tumor cel l s  i nto r i ght 
ca l f  muscu l ature 
Randomi sati on i nto 5 trea tment groups . 
A .  I nc i s i ona l b i opsy of the tumor v, i th 
l aser .  ( n= l 7 ) 
B .  I nc i s i onal  b i opsy of the tumor wi th 
convent iona l  methods . ( n= l 7 )  
C .  S k i n i nc i s i on on ly + nembuta l .  { n= l l ) 
D .  Nembutal on l y .  ( n= lO )  
E .  Massa�e o f  the tumor under nembutal  
anesthes i a .  ( n= l l )  
Ani ma l s  k i l l ed 4 hours after treatment . 
day 1 
day 21 
The groups A and B a l lowed comparison of i atrogenic tumor spread after l aser 
and after convent i onal i ncisiona l biopsy of the tumor. Both procedures were 
carr i ed out under i .p . nembutal anesthesia a fter incis i on of the sk i n .  The 
infl uence of s kin incision and anesthesia on tumor spread was investigated 
i n  the groups C and D acting as contro l  groups. Group E was introduced 
because massage of the tumor m i ght promote hematogenous tumor spread. 
from the gross metastases, but circulating tumor cells are still not numer­
ous. This appears from the fact that syngeneic mice i.v. injected with 
venous blood from the vessels draining the tumor do not develop lung metas­
tases ( 134). 
The mice were kil led four hours after the manipulation. This peri od of 
time was chosen because morphologically intact tumor cells are still present 
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in the lungs at that time in slightly less numbers than earlier after manip­
ulation (60). Tumor cells transported via lymphatics were looked for in the 
right parailiac lymph node. This particular node was chosen, because it is 
the most distal lymph node draining the right leg which can be found with 
ease and without exception. In a pilot experiment 10 µl Indian ink was in­
jected in the right calf musculature. Within one minute the ink reached the 
right parailiac and paraaortal lymph nodes. The lymphatics and nodes, being 
heavily stained, could be inspected accurately. No lymph nodes were found 
more distally localised than the forementioned ones. 
The time for tumor cells, dislodged in lymphatics, needed to reach the 
regional lymph nodes is not known. In view of the very quick transport of 
Indian ink, however, one might assume that four hours must be sufficient for 
tumor cells in the right cal f  musculature to reach the right parailiac lymph 
node. A delay longer than four hours seemed undesirable in view of the pos­
sibility of transpulmonary passage of tumor emboli (21, 60) and in view of 
the fact that lymph nodes are not as effective barriers to tumor cells (2 7, 
2 8) as previously assumed (139). 
5.2.2 . Operation procedures 
The mice and the preparation and injection of the tumor cell suspen­
sion were the same as described for the second operation series from chapter 
4. The tumor was measured in two dimensions . The tumor size was calculated 
as before. The operation procedures differed from those in the second oper­
ation series only in that the tumor was not completely evaporated with the 
laser nor excised with conventional methods, but that with either modality 
an incision biopsy was performed resulting in the removal of half the tumor . 
In group C the skin in the posterior aspect of the right calf was incised. 
The wounds in the mice of the groups A, B and C were sutured with 4-0 mer­
silene. In group D only i. p. nembutal was given. In group E the tumors were 
firmly palpated ten times without crushing the tumor, under i.p. nembutal 
anesthesia . 
5.2. 3 .  Gross and microscopic examination 
Gross and microscopic examination were carried out as described for the 
second operation series . Four slides were prepared of each lobe of the lungs, 
in the midportion of the lobes at a relative distance of 100 µm. In the same 
way six slides were prepared of the right parailiac lymph node of the mice 
of the groups A, B and C. All slides were examined under code. 
Tumor emboli were defined as clumps of tumor cells consisting of at 
least two cells localised in the arterioles, free from or loosely attached 
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to the vessel wall and not forming a part of an intravascularly growing me­
tastasis. These tumor emboli could be distinguished from i ntraarteriolarly 
growing metastases, because the latter expanded and disfigured the vessel 
walls. Tiny offshoots of these metastases sometimes posed a problem but 
generally they completely filled the lumen of the vessels and thei r relation­
ship with metastases could be demonstrated. In the lymph nodes too clumps 
of at least two tumor cells were looked for . 
5. 2.4.  Statistical analysis 
It was reasoned that, if a manipulati on would give ri se to tumor spread, 
the incidence of microscopic tumor would increase in the animals subjected 
to that manipulation, which increase should be caused by tumor emboli. There­
fore, it was decided to compare the i ncidence of animals w i th microscopi c  
tumor (emboli + metastases) in the five treatment groups with the x2-test. 
The H0 being that no differences exist between the treatment groups, 
and the H1 that the inci dence i s  highest i n  the conventional incision group, 
and in the massage group. The testing would be performed at the critical 
level a=0.05. 
5. 3. Results and discussion 
5. 3. 1. Gross exami nation 
None of the 66 mice was lost. All mice developed tumors. The tumor size 
of 14. 6 .:!: 4.1 mm (mean ±_ SD) as well as the incidence of gross metastases of 
11% are fully i n  agreement w i th the results of Wexler (134), who found a 
tumor diameter of 1. 5 cm and lung metastases in 10% of the animals. No lymph 
node metastases were found. 
5. 3. 2. Microscopic examinati on 
A sWT111ing up of the lesions 
Histologic investigation of the slides of the lungs showed tumor: 
metastases, partly in the parenchyma but mai nly intravascularly, and tumor 
emboli according to our defi nition. Two additional lesions were found: more 
or less hyalinised thrombi in the larger pulmonary arteries and accumula­
tions of neutrofils surrounding poorly recognisable but suspect cellular 
material in small arterioles and capillaries. 
Metastases 
Very few metastases were localised immediately subpleurally . The major­
ity was found in the central areas of the lobes, growing i ntraarterially 
and rami fying in branches of the vascular tree (4 2). Ultimately the expanding 
64 
F i g. 5 . 1  l n t raa rter i a l  l y  grow i ng metas tasis ramify i ng in the 
branches of the vascu lar  t ree (H & E ,  x 3 5). 
Fig . 5 . 2  The pu lmonary ar ter i es are expanded and eventua l l y  de­
s tructed by the 'growing tumor mass  (H & E ,  x 90). 
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tumor destructed the vessel wall and invaded the parenchyma {figures 5.l and 
5.2 )  (9) .  Sometimes the most peripheral extensions of the tumor reached the 
pleura. Counting of metastases, growing this manner , is very difficult since 
the number of foci counted depends largely on the level of the cross section 
through the vascular tree.  The relative volume of tumor in the lung can be 
measured {86) but we were interested in the number of metastases , indicating 
the number of emboli shed prior to manipulation . 
Twnor emboZi 
Tumor emboli , according to our definition , were found and coul d be 
counted {figure 5. 3) . Single tumor cells were present in a number of cases 
{figure 5. 4 ). These were not recorded , however , as apparent from section 
5.2.3. 
HyaZinised thrombi 
The hyalinised thrombi most likel y are remnants of tumor emboli that 
failed to develop into metastases {figure 5 . 5) (58) . 
InfiZtrates of neutrofiZs 
The infiltrates of neutrofils have been described by several authors 
(58 , 1 30 ,  137 , 140) . The neutrofils may be related to different stages of 
lodgement of tumor cel l s  in  the capillary bed or may be attracted by de­
generated tumor emboli {figure 5. 6 ) .  
5. 3. 3. Incidence of the lesions 
Metastases and tumor emboZi 
The incidence of mice with microscopic tumor in the l ungs was the same 
in the five treatment groups , the mean percentage being 58% (table 5 . 11). 
The H0 that there is no difference between the treatment groups cannot be 
rejected . Neither of the treatments produced tumor emboli in the mice with­
out microscopic tumor. Therefore , a beneficial effect of the laser nor a 
deteriorating effect of conventional surgery or massage could be demonstra­
ted. 
It was striking that tumor emboli were found , with one exception in the 
laser group , in those mice which had microscopic metastases as well. Appar­
ently , the presence of tumor emboli was not influenced by manipulation but 
was related to the stage of tumor development :  at a certain critical size 
showering of tumor embol i  starts. In this experiment on day 21 about 60% of 
the mice was showering tumor emboli to the l ungs. This phenomenon is well 
known from other experimental tumors ( 53 , 97). The tumor emboli were un­
evenly distributed among the groups , but neither in the laser nor in the 
conventional incision or massage group the incidence differed significantly 






F i g. 5 - 3  A tumor embolus i n  a pulmonary arte r i ole (H & E ,  x 560 ) . 
F i g .  5 . 4  Two sol i tary tumor cells i n  pul monary cap i l l ar i es ( H  & 
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F i g .  5 . 5  A hya l i n i sed thrombus i n  a p u lmonary ar tery , resu l ted 
from a tumor embo l us that fa i l ed to take (H & E ,  x 224 ) . 
• 
p 
F i g .  5 . 6  I nf i l t ra tes of neutrof i l s  surround i ng poor l y  recogn i sab l e 
but  suspect ce l l u l a r  ma ter i a l  i n  pu l monary a rter i o l es and capi l l ar­
i es (H  & E ,  x 3 50 ) . 
mice with microscopic tumor including emboli were larger than those of the 
mice free of microscopic tumor, the size being 1 5 . 3  and 13. 6 mm respectively . 
The difference is not significant, however. 
The incidence of metastatic tumor in the lungs was 6 1 %  when the fig­
ures for the gross and microscopic tumor are added. According to the data 
of Ketcham and Wexler {64) about 70% of these mice would have developed 
gross metastases three weeks after amputation of the right hind leg (chap­
ter 2.2.). This result indicates that with our method of microscopic in­
vestigation almost 90% of the mice eventually to develop gross metastases 
are detected. Virtually all mice without tumor in this experiment would in­
deed appear to be free of disease. In other words, the tumor incidence could 
be reliably determined in this investigation. 
The rationale for looking for tumor emboli immediately after manipu­
lation was that several investigators state that many more tumor emboli are 
shed than actually develop into growing metastatic foci. Evidence to sup­
port this view is provided by experiments in which tumor cells are injected 
i. v. (2 3) and by investigations of blood from vessels draining neoplasms 
{43). In the present experiment relatively few emboli were found and much 
more metastases. As pointed out, however, the latter are over-estimated and 
the former underestimated. Solitary cells for example were not counted and 
a part of the tumor emboli may have passed the pulmonary circulation . Never­
theless, it is possible that the number of tumor emboli needed to give rise 
to metastases is much smaller in our real tumor-host system than in the 
artifical situation of injecting prepared tumor cell suspensions i . v. in 
healthy hosts. 
In our system the larger tumor emboli were more succesful than the 
smaller ones, as apparent from the intravascular localisation of the metas­
tases in the larger vessels and the rarity of subpleural metastases. This 
is in accordance with the findings of Fidler (22) but at variance with the 
findings of Wexler (1 33) that most metastases are localised in the sub­
pleural area . The most periperhal extensions of the metastases eventually 
became visible subpleurally. There was a more than five-fold increase in the 
incidence of animals with metastases when the lungs were investigated micros­
copically as compared to gross inspection of the lungs . This increase was al­
so found in the previous experiment ,  described in chapter 4. The prefer­
entially intravascular growth of the tumor provides an additional cause for 
the smaller mean size of the metastases in the unamputated controles of 
Ketcham et al. (chapter 2 .2 .). The occlusion of the larger pulmonary 
arteries by continuous shedding of large emboli interferes directly with the 




treatm. n no. of mice no. of mi ce wi th 
group wi th mi crosc . tumor embol i 
tumor 
A 1 7  8 ( 47% ) 1 ( 2 )  
B 17  10 ( 59%) 6 ( 1 7 }  
C 1 1  7 ( 64% ) 3 ( 18)  
l) 10 7 ( 70% ) 2 ( 6 )  
E 1 1  6 ( 55% ) 3 ( 16 ) 
total 66 38 ( 58% ) 1 5  ( 59 )  
Tab l e  5 .11 
Results of the exper i ment 
no. of mi ce w i th no. of mi ce wi th 
mi crosc . metas- organised throm-
tases bi 
7 ( 52 )  6 ( 6 )  
10 ( 6 1 ) 6 ( 6 )  
/ ( 1 2 5 )  3 ( 3 }  
7 (80 )  2 ( 3 )  
6 ( 1 19 )  4 ( 5 ) 
37 ( 437 ) 21 ( 23 )  
no. of mice wi th no.of mice w i th mean tumor 
i nfi l trates of gross metastases size + SO 
neurofi l s  i n  mm-:-
1 2 ( 2 )  14 . 3  + 4 . 7  
2 2 ( 2 )  1 5 . 4  + 4 .3 
2 2 ( 2 )  14.3 + 4 . 3  
5 1 ( 1 )  1 3.9 + 2 . 9  
4 0 14 . 7  + 3 . 3  
14 7 ( 7 )  14 . 6  + 4 . 1  
The incidence of m i ce w i th microscopic tumor , including tumor embol i ,  was the same i n  the fi ve treatment groups . 
Thus the H that there is no difference between the groups cannot be rejected. All but one of the tumor embol i 
were found
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in mice hav i ng m i croscop i c  metastases as well . The tumor emboli were unevenly d i str i bu ted among the 
groups ,  but neither the laser nor the conventional surgery nor the massage group showed a signifi cant d i fference 
with the control groups C and D .  The number of metastases is over-estimated and the tumor emboli most probably 
underest i mated , but the former seemed to occur more frequently than the lat ter. The organised thromb i were most 
1 ikely due to tumor embol i that fa i led to take . From the ratio of metastases and failed tumor emboli , one gets 
the i mpression that the take rate  of tumor emboli i n  th i s  system is h i gh .  The significance of the i nf i ltrates 
of neu trofils is obscure. Some explanat i ons are proposed in the tex t. The i nc i dence of organ i sed thrombi was 
remarkably uniform among the treatment groups .  Much less u n i form was the inc i dence of the inf i l trates of neu tro­
f i ls .  The inc i dence of gross metastases was uniformely low i n  the groups . Microscopic investigation of the lungs 
resulted i n  a f i vefold i ncrease of the m i ce w i th metastases . These m i croscopic metastases were ma i nly local i sed 
i n  the central areas of the lobes . Microscopic metastases were rare in the subpleural region . The mean tumor 
s i ze was the same i n  the f i ve groups . 
Infiltrates of neutrofiZs and hyaZinised thrombi 
Both lesions occurred mainly in mice with metastatic tumor. Two of the 
14 mice with infiltrates of neutrofils surrounding suspect intravascular 
cell masses showed no metastases or tumor emboli in the sl ides examined. 
Four of the 21 mice with hyalinised thrombi showed no metastases or tumor 
emboli. The incidence of mice with metastases being higher than of mice 
with hyalinised thrombi, one might conclude that l arge tumor emboli have a 
high take rate . 
5.3 . 4 .  The regional lymph nodes 
On microscopic investigation the right parail iac lymph nodes showed 
l arge fol licles with reactive germinal centres. Similarl y  the T-zones showed 
a reactive hyperplasia. Mel anin pigment l aden macrophages were found in the 
sinusses. We failed, however , to demonstrate cl umps of tumor cel ls in the 
right parail iac l ymph nodes al though very suspect single cells  were found 
in a number of cases. One can onl y  specul ate on the causes of this negative 
result. Possibl y, only single  tumor cells are transported via lymphatics in 
this system . The observation four hours after manipul ation may have been too 
l ate in view of the fact that l ymph nodes are not as effective barriers to 
tumor cells  as previousl y  assumed (2 7 ,  28). 
5 . 4 .  Conclusions 
Neither an iatrogenic reduction nor promotion of hematogenous or l ym­
phatic tumor spread could  be demonstrated in performing incisional biopsies 
from Cl oudman mel anomas with the CO2 l aser , using tumor emboli  as a para­
meter. 
Tumor embo 1 i in the 1 ungs were associated with the stage of evol ution 
of the "primary" mel anoma in the right hind l eg. 
Gross examination of the lungs reveal s  onl y  20% of the mice with lung 
metastases as compared to microscopic investigation in the present system. 
Most metastases of the Cl oudman mel anoma grow intravascularly in the 
l arger pul monary arteries. 
The lung parenchyma is eventually  invaded by gradual destruction of 
the vessel wal ls. 
Very few metastases are l ocalised subpl eurall y; the majority is found 
in the central areas of the l obes of the lungs. 
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Chapter 6 
CO2 LASER VERSUS CONVENTIONAL INCISION OF LABELED TUMORS 
6.1. Introduction 
The results of the experiment described in chapter 5 confirm the 
finding in the operation series from chapter 4 that the laser has no 
detrimental effect on hematogenous spread. It was not possible . however, 
to test the hypothesis that the CO2 l aser reduces iatrogenic hematogenous 
and lymphatic tumor spread by sealing the cut ends of blood vessels and 
lymphatics. 
In the previous experiment morphological criteria were applied with 
the drawback that single cells could not be counted. Moreover, no in­
formation on lymphatic tumor spread was obtained using morphological para­
meters. Radioactive labeling of the tumor might provide a method of 
detecting hematogenous and lymphatic spread of even relatively small numbers 
of tumor cells by recording the spread of radioactivity. 
Three l abels had to be considered: 51cr, 3 tt-thymidine and 125IUdR. 
Since the labeled cells had to grow for at least seven days to develop into 
a small tumor, 51cr which is a membrane surface label was not suitable. 
Because 125IUdR, which is a thymidine analoge, and 3 tt-thymidine are incor­
porated into the DNA of dividing cells, these labels seemed appropriate. 
125IUdR has the advantage that its reutilisation after loss from the tumor 
is less than with 3 tt-thymidine (21) . 125IUdR, however, is cytotoxic in 
relatively low doses (21). A much higher labeling can be obtained with 3 H­
thymidine (10). The reutilisation, which in fact is limited, seemed to be 
a minor drawback as compared to the advantage of a heavily labeled tumor. 
We were interested in differences in radioactivity in the target organs of 
tumor spread after manipulation rather than in an absolute measure for the 
numbers of tumor cells present in the different organs. 
In the present experiment Cloudman melanoma cells were labeled in 
vitro with 3 tt-thymidine, and injected in the right calf musculature of 
DBA/2 female mice. The resulting tumors were incised and the spread of 
radioactivity shortly afterwards was used as a parameter for distant 
iatrogenic spread. 
6. 2. Materials and methods 
6. 2.1. Outline of the experiment 
The outl ine of the experiment is presented in table 6 . 1. The subsequent 
steps will be explained in more detail in the following sections. 
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Tab l e  6 . 1  
Ou t l i ne of the exper i ment 
Start of the in vitro cul ture . 
Label i ng of the cel l s. 
Harvest ing of the cel l s .  
At random injection of 2 . 10 5 viable labeled tumor cells 
i n  the ri ght cal f muscul ature , of 43 out of 86 mi ce. 
Randomi sation of the 43 i nocul ated mice i nto the 
groups: 
A. Laser i r 1c i s ion of l abel ed tumor . 
B .  Conventi onal i nc i s ion of l abeled tumor. 
C .  No inci s ion of l abel ed tumor. 
Randomi sati on of the 43 remain ing m i ce i nto the 
groups: 
A: Laser i nc i s ion of r i ght calf. 
B: Conventi onal inci s ion of ri ght cal f. 
c :  No i nci s ion of ri ght cal f. 
(n= l 7) 
(n= 1 7) 
(n=9) 
( n= 1 7) 
( n= 1 7) 
(n=9) 
43 pai rs of mice (A-A · ; B-B· ; c-c ·)  were p laced in l atin 
squares with added rows , with al ternati ngl y the hot and 
cold m ice i n  the fi rst pos it ion ,  to determi ne the sequence 
of treatments . 
F irst orbita puncti on 30  mi nutes after inoculat ion i n  all 
m ice. 
Treatment of the mice . 
Second orbita puncti on 30 minutes after treatment . 
The m ice were k i 1 1  ed thereupon, and stared at -2s0c .  
Blood and t issue samples prepared for l i qu id  sc i nti l l ati on 
counting .  






day 14  
The tumor cel l s  used in the present experiment were derived from the 
Cl oudman mel anoma cel l l i ne used throughout thi s  study (2.3 . 2. ). Cu l tivation 
was done in fl at bottomed Cooke mi cro titer pl ates (M 29 ARTL) w ith 0. 1 ml 
medi um per wel l .  The culture med i um RPMI 1640 (Gibco cat. no: 187 G) was 
suppl emented with streptomyci n  (100 µg/ml ) ,  penici l l i n  (100 IU/ml ), 201 
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Fig . 6 . 1  The 3H-thymidine i ncorporation in increasing numbers of Cloudman 
melanoma cells af ter different times of cul tivation .  On the third and four th 
day of culturing tumor ce l ls seeded at an initial concentration of 12 , 50 0  
cells/well were sti l l  growing exponent i al l y  (indicated by the arrow) . 
heat-inactivated (30 min. 5 6°C) fetal calf serum (Gibco), and glutamine 
(1 ml of 200 mM L-Glutamine/100 ml). The cultures were incubated at 37°C 
in a humidified atmosphere with 5% CO in air. The cultures were labeled 
with 3H-thymidine (specific activity � Ci/mmol), added in 0.05 ml culture 
medium, and after trypsinisation the cells were harvested with a multiple 
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cell culture harvester using glass fibre filters (Skatron AS, Lierbyen, 
Norway) 1 6 -24  hours later. The filters were dried and transferred into 
counting vials. Five ml of liquid scintillation solution consisting of 
toluene with PPO (5 g/1 ) and POPOP (50 mg/1 ) were added. The results of the 
liquid scintillation countings, given in dpm, are the mean values from 




















�Ci added in 0 . 05 ml 
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F i g. 6 . 2  12 , 50 0  C l oudman me¼anoma eel ls/we l l ( 0 . 1  ml med i um) were l abe l ed 
w i th i ncreas i ng amounts of H-thym i d  i ne , added on day 3 .  2 µC i seems to be 
a su i tab le  dose s i nce w i th th i s  amount the begi nn i ng of the plateau of sat-
urat i on was reached. 
To determine conditions allowing a high labeling of cells without 
endangering their viability and growth potential, two pilot experiments 
were performed. Figure 6. 1 shows the results of the first pilot experiment: 
the thymidine incorporation in increasing amounts of cells after different 
times of cultivation. On the third and fourth day of culturing 12,500 cells 
were still growing exponentially, which was confirmed by microscopic ob­
servation. The second experiment was performed to determine a suitable 
3 H-thymidine concentration in the culture medium. Figure 6.2 shows the 
results of cultivation of 12, 500 cells/well for four days and labeled with 
increasing concentrations of 3 H-thymidine. The beginning of the plateau of 
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saturation was reached with 2 µCi 3 tt-thymidine. At thi s  concentrati on a 
suitable cell labeling was obtained, whereas growth inhibition due to radio­
chemical damage and thymidine blocking was not observed. This is i n  agree­
ment with the data presented by Cleaver (10). Most cell types show in­
hibition of growth at (cold) thymidine concentrations higher than 10-5 M .  
-5 The thymidi ne concentration in the present experiment was 0. 66 . 10 M. 
The results of these two pilot experiments indicate that the fol lowing 
culturing conditions are suitable: 1 2, 500 cells/well cultured for three to 
four days and labeled with 2 µCi 3H-thymidine/well. 
6. 2.3. Inoculation and treatment of the mice 
Cloudman melanoma cells were cultured and labeled as described, 
harvested by mild trypsinisation, washed two times, and resuspended in 
culture medium for inoculation . The cell concentration in the suspension 
was adjusted at 2 .107 cells/ml . The radioactivity was 30 .106 dpm/106 cells. 
The viability was more than 9 5%. Therefore, a standard inoculum of 2.105 
cells/10 µl had an activity of 6 .106 dpm . The labeled suspension was kept 
at 4 °C in a 1 ml syringe (A .  Sik Denmark) mounted with a 25 gauge needle, 
and regularly swirled . 
At random (using random numbers) 43 out of 86 DBA/2 6 to 8-week-old 
female mice were inoculated in the right calf musculature with 2.105 cells 
in 10 µl. To avoid leakage of the injected labeled suspension as much as 
possible, the cells were injected deeply in the calf. Subsequently these 43 
mice were randomised into the treatment groups A, B and C. 
A :  laser incision of the tumor (n=l7) 
B: conventional incision of the tumor (n=17) 
C: no incision of the tumor (n=9)  
The remaining 43 mice, not injected, were randomised into the treatment 
9roups A ;  B'and c· . 
A': laser incision of the right calf (n=17) 
s·:  conventional incision of the right calf (n=l7) 
c · : no incision of the right calf (n=9) 
These latter 43 mice served as paired controles of the animals in the groups 
A, B and C .  The 43 pairs of animals were placed in latin squares with added 
rows, with alternatingly the hot and the cold animals in the first position, 
to determine the sequence in which the treatments had to be performed. In  
this way systematic errors due to the order of the treatments would have 
equal chances to occur in each treatment group. Every handling of the mice 
and the samples was done in the same order . 
Thirty minutes after inoculation the first orbita punction was per-
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formed with a hematocrit tube (Gelman and Hawksley, cat. no: A803) which 
was filled for 3/4 of its length. This orbita punction might allow us to 
discover whether mas sive i . v. injecti on of tumor cells had occurred during 
i. m .  injection, by counting the cell fraction of the blood sample. Only the 
small fraction of tumor cells passing the pulmonary circul ation, however, 
is catched this way. Counting the plasma fraction would show liberated 
3 H-thymidine and its break down products in case of cell death during the 
inoculation procedure . 
The mice were caged in blocks of six or four mice. In the blocks of 
six all treatment groups were represented, in the blocks of four the groups 
C and c· were lacking. 
On day 13 , eight days after inocul ation, the mice were operated upon 
using the same methods and devices as described in chapter 4 .  In the groups 
A and B a  longitudinal incision through the tumor and the adjacent normal 
tissue was performed with CO2 laser and knife respectively . In the groups 
A '  and B' the posterior aspect of the right calf was incised. In the groups 
C and c· only the skin was incised. The wounds were closed with tape. 
Measurement of the tumors was not feasible in this experiment. E x­
p loration of the tumor during the operation would interfere with the goal 
of the experiment. During removal of the calf containing the tumor for 
scintillation counting, exploration would cause los s  of activity. 
Thirty minutes after treatment a second orbita punction was done, 
thereupon the mice were killed with ether, and kept at -25°C. The second 
orbita punction could pos sibly serve as an additional measure for iatrogenic 
hematogenous tumor spread by counting the cell fraction. The plasma fraction 
would show the non-cel l -bound circulating radioactivity at day 13 , eight 
days after inoculation. 
The i nterval of 30 minutes between the inoculation and the first 
orbita punction , and between the treatment and the second orbita punction 
and killing, was chosen because we knew from a pilot experiment that the 
radioactivity in the lungs was at a plateau after i.v .  injection of labeled 
cells for about 30 minutes (figure 6 .3 ). 
The time for tumor cells, which have gained access to lymphatics due 
to manipulation, to reach the regional and more distant lymph nodes is not 
known and was not investigated in this study. 
6. 2 . 4. Preparation and counting of the blood and tis sue samples 
The hematocrit tubes were emptied into 5 50 µl microtest tubes (cat. 
no. PAT 22, Beckman). The cells were spun down (200 g) and the supernatant 
plasma was removed, using a new pasteur pipette for each sample . The plasma 
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was put into counting vials and 10 ml scintillation solution added. The 
pellet in the microtubes was hemolysed with 0.3 ml 3% acetic acid . The pro­
teins were precipitated with 0. 3 ml 5%TCA.Water was withdrawn with 0. 3 ml 100% 
methanol. The remaining pellet (spun down at 1000 g) was solubilised with 
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minutes post i. v. injection 
F i g. 6 . 3 Ten mice were i .v. i njec ted i n  the i r  ta i l  veins with 5 . 10 5 labeled 
C loudman melanoma cells i n  0.1 ml culture medium. At f i ve su bsequent points 
of t i me two mice were k i l led i rrrnediate l y  af ter an orb i ta punction. The 
radioac tiv i ty i n  the blood ( •) ,  spleen ( 0) and lung (LI) samples was measured 
by l i q uid sc i nt i llat i on count i ng. The values represent the mean of two 
samples. For the lung samples the mean + SD of two samp l es is given. I t  ap­
pears that the ac tivity in the lungs rema i ned at a plateau for abou t 3 0  
m i nutes . The ac tiv i ty i n  the blood and spleen samples on the contrary re­
mained remarkably low ;  transpulmonary passage of tumor cells could not be 
demonstrated . 
at 37°c a clear sol ution was obtained. The tips of the microtubes were 
pinched off in the counting vials, and 10 ml scintillation solution added. 
The content of the tips could be readily mixed with the scintil lation fluid 
with a vortex mixer. The samples were prepared at room temperature . 
To prepare the tissue samples the mice were defrozen. The procedure 
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being quick, the animals were still partly frozen when the samples had 
been removed . The lower lobe of the left lung, the caudal pole of the 
spleen and the right parailiac lymph node were removed in all animals. 
Additional samples were taken from the liver, the small intestine and the 
left hind leg in the animals of the no-incision groups. The right calf 
muscle containing the tumor was removed in all inoculated mice. 
The lung samples were taken to measure hematogenous spread, the right 
parailiac lymph nodes to measure lymphatic spread. These nodes were selected 
for reasons mentioned in section 5. 2. 1 .  The spleen samples would offer a 
parameter for the amount of radioactivity injected into the mice, since the 
spleen is not a target organ for hematogenous spread following manipulation 
(fig. 6 . 3) . The additional samples in the groups C and c· were taken to get an 
impression of the total amount of radioactivity still present in a mouse 
on day 1 3. The right calf was removed to measure the radioactivity still 
present in the tumors, and to investigate the influence of the manipulation 
on it . 
All samples but for the extirpated tumors were placed in preweighed 
counting vials . The capped vials were reweighed, using a Mettler H16  
analytical balance . Subsequently, 1 ml NCS and 0 . 1  ml distilled water were 
added to the samples . These were completely solubilised by incubation at 
37°C one night over, and 10 ml sc i ntillation solution was added. 
The vials with blood and tissue samples and added background vials, 
containing the same amount of NCS and scintillation solution, were counted 
in a liquid scintillation counter. The results were given in dpm. 
6 . 2 . 5. Statistical analysis 
As pointed out, every mouse injected with labeled cells had a non-in­
jected paired control mouse . The dpm/mg sample of the control mice were 
subtracted from those of the injected mice . Victims of technical failures 
were discarded . Kruskal-Wallis and Mann-Whitney tests were performed on the 
figures of the resulting three groups : 
I :  Laser incision group (A-A ') 
I I: Conventional incision group (B-B') 
I I I :  No-incision group (C-C') 
The H0 is that no difference exists between these groups . Alternatively, it 
is assumed that the radioactivity in the lung samples and the right para­
iliac lymph nodes is higher in the conventional group than in the laser and 
in the no-incision group. The testing would be performed at the critical 
level a=0,05 . 
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6.3.  Results 
6.3.1. Mice; tumors; wei ghts; efficienci es 
Three pairs of mice had to be di scarded due to technical fai lures. 
The remai ning pairs were 40: 1 6  i n  the laser, 16 i n  the conventional and 
8 in the no-i nci sion group. All i njected mice developed takes. The tumors, 
which were not measured in  thi s  experiment, had approximately the same 
size and shape as i n  the fi rst operation ser i es from chapter 4. The mean 
weights _:!:. SD of the mice and the samples are listed i n  table 6.II. The 
counting effic iencies were very sati sfactory: well w i thi n the range of the 
curve for quenche correction of the scintillation counter. 
6.3.2. Results of the li quid sci nti llati on counting 
The radioactivi ty (dpm/sample) in  the fi rst orbi ta puncti on, in  the 
plasma fracti on as well as in the pellet, and in  the pellet of the second 
orbi ta punction was not significantly different i n  the injected and in  the 
control m ice and was uniformely low: 1 to 2 dpm/mg sample. The plasma 
fraction of the second orbi ta punction, however, showed a higher level of 
activi ty in  the injected mi ce than in  the mi ce not i njected. The values of 
the groups I, I I  and I I I  have been plotted i n  a scattergram: fi gure 6.4 . A. 
There were no si gnif icant differences between the laser, conventi onal and 
no-incision group. 
The activ i ty per mg sample i n  the t i ssue samples (lung, spleen and 
lymph node) i n  the mice in  the groups A-,  s· and c· was uniformely low: 1 
to 2 dpm/mg t i ssue. The correspondi ng values in the groups A, B and C were 
hi gher . The values of the groups I, II and I II have been plotted i n  scatter­
grams: the fi gures 6. 4.B, C and D. The lymph node bei ng a whole organ, the 
activi ty per lymph node i s  given as well: fi g. 6 . 4. E. The activi ty in the 
ri ght calf of the injected mice containing the tumor i s  g i ven as such: 
fi gure 6 .4.F .  Si gnificant differences between the laser, conventional and 
no-inc ision group were only found i n  the lymph nodes both when the activi ty 
was calculated per mg sample and when expressed per whole lymph node. The 
activi ty in the ri ght parailiac lymph node i n  the convent i onal surgery group 
was significantly hi gher than i n  the laser inc is ion group (p<0.01) and s i gni­
ficantly hi gher than in the control group (p<0 .02 5) ,  whereas the laser and 
the control group were equal. 
A survey of the mean activi ty per mg sample of the t i ssues i nvesti gated 
in the no- incision group I I I  i s  presented i n  table 6 . II I. The total amount 
of radioactivi ty in  the m ice i s  assessed, using the mean wei ghts of the 
organs from the group C and the mean dpm per mg t i ssue from group I I I. The 
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Tabl e 6 .11 
We i gh ts of m i ce and samples 
n body wei ght  l ung sampl e sp l een sampl e l ymph node l i ver sampl e gut  sampl e musc l e  sampl e 
( g ) (mg )  
A 16  21 . 9 + 1 . 8  2 1 . 3 + 3 . 7  14 . 4  + 3 . 0  5 . 7  + 1 . 5 - - -
A' 16  21 . 9  + 1 . 9  2 3 . 4  + 4 . 9  1 3 . 7 + 4 . 0  5 . 3  + 1 . 3  - - -
B 1 6  21 . 6  + 1 . 3  2 1 . 5  + 6 . 2  1 3 . 1  + 3 . 0  5 . 5  + 1 . 6 - - -
B .  16  22 . 2  + 1 . 6  2 5 . 4  + 3 . 4  1 3 . 5  + 2 . 7  5 . 1  + 1 . 4 - - -
C 8 21 . 6  + 1 . 4  26 . 3  + 5 . 2  1 2 . 9  + 2 . 1  6 . 0  + 1 . 4  8 . 7  + 3 . 8  6 . 3  + 4 . 9  1 0 . 6  + 4 . 4  
c - 3 22 . 1  + 1 .  1 24 . 2  + 4 . 3  1 1 . 3 + 2 . 5 5 . 0  + 1 . 4 1 6 . 3 + 2 . 3  1 0 . 3  + 4 . 0  16 . 1  + 3 . 0  
The mean we i ghts + S D  of the mice  and the samples are given . The m i c e  had a uniform we i gh t  i n  accordance wit h  
their age. T h e  sample weights d i d  not exceed t h e  3 0  mg . Above that value co l or quenching d u e  t o  t h e  b l ood content 
of the tissues is going to play a role . 
...... 
co 
activity i n  the rest of the body is  assessed usi ng the mean body wei ght and 
the mean organ wei ghts from group C and the acti vi ty per mg muscle from 
group III .  Thi s admi ttedly rough assessment shows that about 10% of the i n­
jected acti vity i s  sti ll  present on day 13, when the acti v i ty of the tumor i s  
i ncluded. About 25% of the total activity i s  l ocal i sed i n  the tumor . 
6. 4 .  Di scussion and conclusions 
6.4.1 . General remarks 
The large vari ation i n  the results i n  all sampl es tested and the hi gh 
levels of radi oacti vi ty i n  the no-incis ion group hampered the detecti on 
of i atrogenic di stant tumor spread, and made the di fferences found between 
the treatment groups di fficult to i nterpret. The var iation i n  acti vity i n  
the tumors i n  the ri ght calf may be due to some or all of the followi ng 
factors. The l ml syri nge used, al lowed us to i nject with an accuracy of 
only 9 . 7  _:!: 1 .1 µl ( mean _:!: SD) ( n=86). The tumor cell suspension was swi rled 
regularly and thoroughly before each i noculati on. Nevertheless i nhomo­
genic ity may have attri buted to the vari ati on. Notwi thstandi ng the smal l 
volume of suspension i njected, leakage of the suspension was noti ced i n  a 
number of animal s. It  i s  unli kely, however, that these factors alone have 
caused the enormous var iati ons found. The sample preparati on techni que can 
not be i ncri mi nated, si nce i n  all samples the vari ation parallelled that of 
the acti vi ty in the right calf musculature contai n i ng the tumor. Di fferences 
i n  rates of cell loss from the ori gi nal i noculum among the i ndi vi dual mi ce 
Fig. 6 . 4  A to F Results of the liquid scintillation counting of blood and 
tissue samples and of tumors;  the specimens were taken 3 0  minutes after in­
cision . 
I n  the scattergrams A to E each point represents the valu e  calculated by 
subtraction of the radioactivity in the cold animals from the radioactivity 
in the animals inj ected with labeled tumor eel ls . I n  each scattergram the 
groups I (laser incision ; A - A · ;  n = 16) , 11 (conventional incision ; B - s · ;  
n = 1 6) and 111 (no-incision ; C - c · ;  n = 8 )  are compared (see also section 
6.2 .s.). 
A Activity in the plasma fraction of the second orbita pu nctions. 
B Activity in the lung samples . 
C Activity in the spleen samples. 
D Activity in the right parailiac lymph nodes , expressed per mg node. 
E Activity in the right parailiac lymph nodes , expressed per whole node . 
Significant differences between the groups I ,  I I and I I I  were only found in 
the lymph nodes . The activity was highest in  the conventional incision 
group (as well per mg node as per whole node) , significantly higher than in 
the laser incision group (Kruskal-Wallis and Mann-Whitney-test , p<0.01) 
and significantly higher than in the no-incision group ( p< 0 . 025) .  The ac­
tivity in the nodes of the laser and no-incision group ,  however , was not 
significantly different. 
I n  the scattergram 6.4 F the activity in the tumors of the groups A ,  B and C 
is presented assuch . The activity in the tumors was not significantly differ­
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due to autolysis seem to be an important factor to explain the differences 
in the activity in the tumors (1,  1 12). Cell death in tumor inocula of 
Cloudman melanoma cells is evidenced by the fact that more than 100 cells 
are needed to obtai n  takes in 100% of the m ice .  An indication for 
differences in cell l osses in the inocula among individual mice, is the 
large variation in tumor size even in the second operation series from 
chapter 4 (2. 105cells/mouse). The differences in actual tumor volume must 
be even larger than the differences in tumor size presented. 
Table 6.1 I I 
The total amount of activity in the body of a mouse in group I I I { no­
incision ; C - C " )  
organ/tissue mean weights mean dpm/mg dpm/organ 
(mg) organ 
lung 2 70 1 1  2,9 70 
spleen 90 48 4 , 320 
liver 1,200 20 24 ,000 
gut 1, 700 7 1  120 , 700 
TOTAL 3,260 1 51 , 990 1 51,990 
body 2 1, 600 
body-organs 18,340 13• 2 38,420 2 38, 420 
tumor 160,000 160 ,000 
TOTAL 550,4 10 
• Activi ty/mg muscle in group I I I 
Estimation of the total activity in the body of a mouse in group 1 1  I . 
The calcu l ations are based on the mean  organ and body weigh ts from group C 
and the activi ty/mg tissue in the samples from group I I I .  The activ i ty in 
the t i ssues not investigated is assumed to be the same as in the musc le 
tissue of the left hind l eg of the mice from group i 1  I .  
I t  appears that on an average about 1 0% of the 6 . 1 0 dpm i nj ected on day 5 
is stil I present in the body on day 13 ; about 25% of t his remaining activity 
is localised in the tumor . 
Most of the 3H-thymidine in the right cal f  is incorporated in the DNA 
of the tumor cells . Since DNA is only a stable molecule in living cells 
( 10) one can assess the percentage of the cells in the original inoculum 
that has survived by dividing the activity found on day 1 3  by the activity 
injected on day 5: 1 . 5. 105/60 . 105. This is less than 3% which is about 
6,000 cells. This small percentage is in agreement with data of Fidler (2 1), 
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who found 1% surviving cells after i . v .  injection. Moreover, this i s  in  
accordance with the finding that take failures beg in  to  occur when less 
than 100 cells are injected (2 . 3. 3. ). 
The remaining cells must have grown qui te rapi dly to produce the 
tumors found on day 13 . Assumi ng that 6,000 cells have survived and that the 
diameter of the cells is about 20 µm, ei ght doublings would have produced 
a tumor of 3x2xl mm3 . The tumors were at least that size. 
The absence of activity in  the fi rst orbita punction proves that no 
tumor cells have passed the pulmonary circulati on, and that the tumor cells 
have remained intact throughout the inoculation procedure. 
The activity in  the plasma fraction of the second orbita puncti on in 
the no-inci sion group is due to 3H-thym idine and i ts break down products 
circulating in the blood and not due to ci rculati ng cells which would have 
been present in  the pellet (cell fraction) of the blood sample. The mean 
activity per mg blood sample can be calculated from the mean act iv ity per 




D. 75 . 7 5 . rr .  D. 55 2. 1  
= 4 . 5  dpm/mg blood. 
(0 . 75 of the hematocrit tubes filled; length of the tubes 75  mm; internal 
diameter 1.1 mm; s. g. of blood about 1) . This level of acti vity is main­
tained by losses from the tumor and by redistri bution of reutilised 3H­
thymidine and mainly i ts metabolites. The acti vity in the ti ssue samples in  
group I I I  cannot be explained merely by the ir  blood content . Arrested tumor 
cells in the ti ssues even in the lungs are not li kely to play a signifi cant 
role, since ci rculating tumor cells and metastases are rare eight days post 
i noculation (134) . Most probably reuti li sation of 3H-thymidine and its 
break down products account for the high levels of activity in  the various 
organs . It appears from table 6 . I I I  that much of the activ ity still present 
at day 13 (ei ght days post inoculation) is localised in  the tumor. 
6 . 4. 2. Comparison of the laser, conventional and no-incision groups 
The mean activi ty in the tumors was not signifi cantly different among 
the three groups . The fact that the laser group shows no signifi cant de­
crease in activ ity i s  in agreement with the very li ttle loss of ti ssue 
caused by CO2 laser inci sion . The similarity in  the means of the dpms in 
the tumors shows that although the var iation among the individual mi ce i s  
large the groups as a whole received the same amount of activity .  Thi s 
conclusion i s  confirmed by the results of the countings of the second orbita 
punction and of the spleen samples . In these samples one would expect no 
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d i fferences due to man i pu l ati on , s i nce tumor cel l s  s hed i nto the b l ood 
stream would  l argely l odge i n  the l ungs ( compare fi gure 6 . 3 ) .  
I n  the l ung sampl es no s i gni fi cant d i fferences were found between the 
three treatment groups . The conventi onal i nc i s ion  group , however , showed 
the h i ghest acti vi ty .  Si gni fi cant d i fferences were found i n  the ri ght para­
i l i ac lymph nodes both when the acti v i ty per mg l ymph node and when the 
acti v i ty per whol e lymph node i s  compared . The fi gures i n  the conventi onal 
i nc i s ion group were h i gher than i n  both the l aser i nc i s i on and the no- i nc i ­
s i on group . The resul ts i n  the l aser and no- i nc i s i on group were equal . 
There i s  no proof that the excess acti v i ty of about 300 dpm/lymph node 
i n  the conventi onal i nc i s ion group i s  present i n  i ntact tumor cel l s .  Assumi ng 
thi s ,  however , it i s  i nteresti ng to assess the number of cel l s  represented by 
these 300 dpm .  In  the ori gi nal suspens i on c ontai n i ng 6 . 1 06 dpm i n  2 . 105 
cel l s ,  one cel l equal l ed 30 dpm .  Thus 1 0  cel l s  wou l d  s uffi ce to y iel d 300 
dpm .  As menti oned before , however , the 6 , 000 surv i vi ng cel l s  must have grown 
to produce a tumor on day 1 3 .  If i ndeed ei ght doubl i ngs h ave occurred , the 
300 dpm woul d account for lo. 28 = 2560 cel l s .  Because the doubl i ng t ime i n  
th i s  system i s  not known , these cal cul ati ons are h i gh ly  s pecul ati ve .  
The H0 that no  d i fferences i n  act i v i ty woul d be  found i n  the lymph nodes 
of the three groups can be rejected . The s i gn ifi cantly h i g her acti v i ty i n  
the lymph nodes i n  the conventi onal i nc i s i on group favours the hypothes i s  
that the CO2 l aser seal s lymphati cs wh i l e  cutti ng them (47 ,62 ) .  
I n  th i s  system the conventi onal kni fe opened bl ood vessel s ,  as was ap­
parent from the bl eed i ng ,  and the CO2 l aser seal ed them, as was apparent 
from the absence of bl eedi ng wi thout s i gn i f i cant i nfl uence on the hemato­
genous spread of radi oacti v i ty to the l ungs , however . 
6 . 4 . 3 .  Concl us i ons 
No s i gnifi cant i a trogeni c i nf luence on hematogenous spread of rad i oac­
t i v ity cou ld  be demonstrated after l aser or conventi onal i nc i s i on of a 3H­
thymi d i ne l abel ed tumor . 
Conventi onal i nc i s i on promoted l ymphati c spread of radi oacti v i ty i n  
th i s  system , a phenomenon not observed after CO2 l aser i nc i s i on .  
Th i s  resul t i s  i n  agreement with  the hypothesi s  that the CO2 l aser seal s 
the cut ends of l ymphati cs . 
Chapter 7 
GENERAL D ISCUSSION AND CONCLUSIONS 
7 . 1. Correlation of the results of the individual experiments;comparison with 
pulsed lasers. 
The purpose of the experiments was to investigate the safety of the CO2 
laser from the oncological point of view. We have stated that adverse effects 
as well as a beneficial influence were conceivable when using the CO2 laser 
in tumor surgery. Therefore, it is meaningful to correlate the results of the 
individual experiments , asking whether they provide evidence for promotion 
or on the other hand reduction of iatrogenic tumor spread by the CO2 laser as 
compared with conventional surgery. Moreover, the results will be compared 
with data from literature on tumor spread by pulsed lasers. 
The first possibility of tumor spread is airborne in the smoke and the 
debris -the "plume "- originating during laser evaporation of a tumor. Ob­
viously, this type of iatrogenic tumor spread is absent when using conven­
tional methods. From the results of our experiments described in chapter 3 
- no viable cells demonstrable with trypan blue nor with in vivo or in vitro 
culture - and from the theoretical considerations in the discussion of these 
results, it appears to be highly unlikely that viable tumor cells are pres­
ent in the waste products of CO2 laser tumor evaporation . In contradistinc­
tion to this, as mentioned earlier, the "plume" originating during pulsed 
laser treatment of tumors has been shown to contain viable tumor cells . 
The second possibility, local tumor spread in tissues surrounding the 
tumor due to manipulation during intentionally radical surgery, may be evi­
denced by local recurrences. The local recurrence rates were the same in 
the CO2 laser and the conventionally treated animals (chapter 4). E ven more 
weight can be attached to these findings in view of the fact that the same 
numbers of mice with devitalised legs were found in both treatment groups . 
O bviously the same amount of tissue was removed and damaged in both groups. 
The "radicality" was equal in both treatment modalities . The conclusion can 
be drawn that the CO2 laser as contrasted to pulsed lasers does not give 
rise to iatrogenic local tumor spread more than conventional surgery . 
The third possibility is iatrogenic tumor spread to distant sites . The 
latter - we are aware of the fact that this distinction is not a sharp one 
(2 7, 28) - can be divided into hematogenous and lymphatic spread . Three para­
meters were used for hematogenous tumor spread: lung metastases, tumor em­
boli in pulmonary vessels and spread of a radioactive label to the lungs. 
The lung metastases were recorded grossly in all and microscopically in a 
number of the mice three weeks after radical treatment of small and large 
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tumors ( chapter 4 ) .  Tumor embo l i i n  the pulmonary vessel s were scored 
mi croscopi cal ly  four hours after performi ng i nci s i onal b i ops i es of l arge 
tumors ( chapter 5 ) .  The spread of l abel to the l ungs was measured 30 min­
utes after i nci si on of 3H-thymi di ne l abel ed smal l tumors ( c hapter 6 ) .  The 
forementi oned three parameters were equal i n  the l aser treated mi ce , i n  the 
conventi onal l y  treated mi ce and i n  the control mi ce not s ubjected to mani p­
ul ati on of thei r tumors . These fi ndi ngs mean that l aser nor conventi onal 
surgery have a detrimental effect upon the pattern of spontaneous hemato­
genous metastas i s .  Increased i atrogenic hematogenous tumor s pread by pul sed 
l asers has been suggested ( 68 ) .  Up to date , however , no perti nent experi ­
mental data are ava i l able  rel ati ve to th i s  probl em . Therefore , no compari son 
of the CO2 l aser with pul sed l asers can be made i n  thi s respect .  The fi nd­
i ng that the resul ts were the same i n  the control and i n  the treatment groups 
suggests that i atrogeni c  hematogenous tumor s pread is very l i mi ted as com­
pared to spontaneous hematogenous tumor s pread i n  thi s  system . Lymph node 
metastases d i d  not occur i n  our hands whi ch i s  in agreement with data from 
l i terature ( 63 ) .  Moreover , we were unabl e to show tumor embol i  i n  the lymph 
nodes mi croscopi cal ly .  Therefore , only one parameter for l ymphat ic  tumor 
spread remai ned : the spread of l abel to the regi onal lymph nodes ( chapter 6 ) .  
A s i gn if icant hi gher l evel of radi oacti v i ty was found i n  the regi onal lymph 
nodes of the conventi onal ly treated m ice than in the nodes of the l aser 
treated mi ce ( p<0 . 01 ) and of the control mi ce ( p<0 .025 ) .  The l evel s i n  the 
l aser treated and the control mi ce were equal . These res u l ts i nd icate that 
i atrogeni c  l ymphati c tumor spread i s  reduced rather than i ncreased when 
usi ng the CO2 l aser i n  stead of the ordi nary kni fe . Thi s  i s  evi dence to 
support the hypothes i s  that the CO2 l aser sea l s  the cut ends of lymphati cs . 
Here agai n we must  say that i ncreased l ymphat ic  s pread by pu l sed l asers has 
been suggested ( 68 )  but not demonstrated . The CO2 l aser cannot be compared 
wi th pul sed l asers as far as l ymphogen i c  tumor spread i s  concerned . 
The question asked i n  the begi nni ng of th is  c hapter can be answered by 
drawi ng the fol l ow i ng two conc l u si ons : 
1 .  The resul ts  of the i nd i v i dual  experiments al l demonstrate that the CO2 
l aser does not promote iatrogeni c  tumor s pread as compared to conventi onal 
surgery . This i s  i n  contradi sti ncti on to the pul sed l asers . 
2 .  The resul ts  of one experiment i ndi cate that the CO2 
l aser mi ght reduce 
i atrogeni c  l ymphati c tumor spread as compared to conventi onal surgery . 
7 . 2 .  The s igni ficance of i atrogeni c d i stant tumor spread 
If the reduction of the l ymphati c s pread of rad i oacti ve l abel by the 
CO2 l aser i ndeed means a reducti on of the s pread of tumor cel l s  and if the 
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application of the CO2 laser in clinical tumor surgery would result in a 
similar reduction of iatrogenic distant tumor spread, what in fact would be 
the significance of this reduction in terms of prevention of metastases? 
From now on we shall just speak about distant tumor spread, since hema­
togenous and lymphatic tumor spread are interrelated. Tumor cells trans­
ported in lymphatics may sooner or later enter the blood stream (2 7,  2 8, 29). 
7.2.1. Iatrogenic distant tumor spread is an established phenomenon 
Circulating cancer cells were conclusively demonstrated in peripheral 
venous blood in man by Engell {18). Due to improvement of the methods of 
detection of malignant cells in blood, the relationship between manipulation 
of tumors and the appearance of circulating tumor cells could be demonstra­
ted . Griffiths and Salsbury (43)  in their monograph "Circulating Cancer 
Cells" have reviewed this subject. It appears from literature and from their 
own experiments that both diagnostic procedures and operations can give rise 
to showers of tumor cells in peripheral blood . The rapid disappearance of 
the circulating cancer cells after manipulation, according to these authors , 
is evidence to suggest that the cancer cells have a short survival time and 
that post operative establishment of metastases is unlikely following com­
plete removal of the primary tumor. More recently doubt has again been 
thrown on the possibility of identifying tumor cells in peripheral blood. 
Weiss (131) says that it is generally accepted that many if not most of the 
described "malignant '' cells were in fact incorrectly identified megakaryo­
cytes and other non-neoplastic cells . The Fishers (30) on the other hand 
attach enough significance to these morphologic investigations to state that 
it seems unreasonable and unrealistic to dismiss the findings of circulating 
tumor cells as inconsequential. In their eyes the evidence is scarce to 
support the supposition that many cancer cells encountered in the circula­
ting blood are destroyed. 
7.2 .2. Iatrogenic distant metastasis in animal tumor models 
Tyzzer (12 6) working with a malignant tumor in the Japanese waltzing 
mouse, Knox (71) working with mouse and rat carcinomas and sarcomas and more 
recently van Dongen (16) working with a mouse mammary carcinoma , found in­
creased metastasis after massage of the tumors. Massage was a rather violent 
manipulation in their hands . In more realistic experiments it proved to be 
very difficult to demonstrate an increased rate of metastasis due to manip­
ulation. The incisional biopsy is a surgical manipulation repeatedly in­
vestigated in animal experiments. Wood (13 6) using the Flexner-Jobling car­
cinoma and the Crocker Fund sarcoma in rats, Maun and Dunning (83 )  using a 
91 
fibrosarcoma, a mixed carcinoma of the breast and a squamous cell carcinoma 
in rats and Paslin (97) using Fortner ' s  melanotic melanoma in hamsters, 
found no influence of an incisional biopsy on the number of metastases. On 
the other hand, Maun and Dunning (83 ) using a rat papillary cystadenocar­
cinoma of the breast and Riggins and Ketcham (105) using the T 241 sarcoma 
and the Cloudman S91 melanoma in mice, found a significant increase of 
metastases in the animals subjected to an incisional biopsy. Concluding, it 
appears that in most experiments it proved to be impossible to show adverse 
effects of an incisional biopsy. In those experiments succesful in this 
respect, large numbers of animals had to be used. This most probably means 
that the number of tumor cells shed due to manipulation is small as compared 
to the number of spontaneously dislodged cells. Manipulation may give rise 
to a shower of tumor cells but this shower is of very short duration (43 ). 
Spontaneous shedding on the other hand is a continuous process. 
7.2.3 .  Iatrogenic distant metastasis in cancer patients 
The incisional biopsy is one of the most extensively investigated manip­
ulations with respect to its influence on metastasis. We agree with Riggins 
and Ketcham (105) that retrospective studies (7, 15, 19, 6 1, 101, 104) can­
not adequately evaluate the problem because of the large number and the 
poor quantitation of the variables which play a role. Essential data con­
cerning the size of the tumor and its clinical staging are usually lacking. 
The prospective study by Paterson and Nutall (99) showed no increased risk 
of tumor metastases due to biopsy of intraoral and facial squamous cell car­
cinomas. The superficial localisation of the tumors, however, minimised the 
trauma of the biopsy. In thi s context interesting reports have been published 
by Turnbull et al.( 123 , 124, 12 5). They introduced a new technique of resection of 
the cancer-bearing segment of the colon. Essential in this technique was the 
dividing and ligation of the lymphovascular pedicles and the dividing of the 
colon at elected sites, before manipulation of the tumor-bearing segment. 
This in contrast to the conventional technique wherein the cancer-bearing 
segment is manipulated before ligation and division of the lymphovascular 
pedicles. It seemed to the authors that the greatly improved survival rates 
were due to this so called "no-touch isolation", minimising distant tumor 
spread. A similar improvement of survival was obtained by others adopting 
the same technique (74). The "no-touch isolation ", however, goes along with 
a wider resection. This leaves the most important question unanswered to 
what extent the reduced iatrogenic tumor spread actually contributed to the 
better survival rates (3 9). 
As a matter of fact the foregoing sections (7.2. 1. ;  7.2.2.; 7.2.3.)  are 
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not complete. Moreover, we are aware of the fact that the theme can be dis­
cussed in other ways. Nevertheless some valid statements can be made . 
- Iatrogenic tumor spread is an established phenomenon in cancer patients. 
- Manipulation of animal tumors may promote metastasis. 
- The evidence that reduction of manipulation in clinical tumor surgery 
actuall y decreases the rate of metastasis and improves the prognosis of 
patients is conflicting. 
Therefore, we feel that even if the assumption is true that the CO2 
l aser reduces iatrogenic tumor spread by sealing the cut ends of capillaries 
and lymphatics, it is unlikely that this would result in reduction of metas­
tases and in a better prognosis for cancer patients. We feel equally, how­
ever, that it is wise to reduce iatrogenic tumor spread as much as possible . 
Quite recently reduction of iatrogenic tumor spread has been mentioned as 
one of the measures to be taken to reduce hematogenous metastasis (53). We 
have presented some evidence to suggest that the CO2 laser reduces l ymphatic 
tumor spread, but it still remains to be proven . Therefore, it is premature 
to reckon the use of the co2 laser among these measures already . 
7. 3 .  Indications for the application of the CO2 laser 
The CO2 laser lacks the drawbacks of the pulsed l asers : this new tool 
is allowed on oncol ogical grounds. It is unlikely, however , that the appli­
cation of the CO2 laser in clinical tumor surgery woul d reduce metastasis : 
this tool is not indiaated on oncological grounds . Indications of the CO2 
laser foll ow from its particul ar properties : the rel atively bl oodl ess in­
cision, the possibility to cut bone-hard tissues, the possibility of no-touch 
removal and incision of tissue. Remote removal and incision of tissue is 
possible with endoscopic attachments which make the CO2 laser particularl y 
suitable to surgery in hol low viscera (59) .  Concluding: the CO2 laser should 
onl y be used when it clearly offers technical surgical advantages over ex­
isting methods. This equal ly applies to tumor and non-tumor surgery . Sound 
indications for the co2 laser already exist in most surgical disciplines. The 
proceedings of the first International Symposium on Laser Surgery offer a 




In this thesis investigations into iatrogenic tumor spread by the co
2 
laser are reported. 
The continuous wave CO
2 
laser has some properties making it attractive 
to tumor surgery. No-touch removal of even bone-hard tissues is possible. 
The CO2 laser incision is relatively bloodless. Endoscopic attachments allow 
use of the CO2 laser in hollow viscera. The property of sealing the cut ends 
of blood vessels and possibly lymphatics might cause a reduction of iatro­
genic hematogenous and lymphatic tumor spread. 
Pulsed lasers on the contrary have been shown to cause airborne and 
local spread of viable tumor due to the explosive effect of the laser pulse 
impacting on a tumor. 
Therefore, the influence of the CO2 laser on iatrogenic tumor spread 
had to be investigated before introducing it on a large scale in tumor surge­
ry. 
Chapter 1 
A review of the literature is given. The basic principles of laser 
action are discussed. Five lasers for medical use are compared. The American 
Optical co
2 
laser - used in this study - is presented in more detail. The 
continuous delivery of its energy, the strong absorption of its beam in 
living tissues and the high energy outputs available make this laser suitable 
to surgery. 
In discussing the interactions of laser light with living tissues two 
extremes are compared: pulsed lasers with a poorly absorbed beam and the 
continuous wave co
2 
laser. With both types of lasers the main effect is a 
thermal one leading to vaporisation and thermal devitalisation of tissue. 
Thermal devitalisation is certainly the main "oncolytic" action of laser 
beams. The spread of viable tumor by pulsed lasers is caused by pressure 
effects. The latter effects play a minor role in the case of the CO2 laser . 
Finally a brief review of laser surgery on animal tumors is given. 
Chapter 2 
The literature on the Cloudman S91 mouse melanoma is reviewed. The 
heavily pigmented tumor metastasising almost exclusively to the lungs is 
thoroughly investigated and suitable for surgical oncological experiments. 
It was one of the tumors in which adverse effects of pulsed lasers have been 
demonstrated. The Cloudman melanoma, serially transpl anted in C D/2 Fi mice, 
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was used throughout the present study. An established cell line of the tumor, 
serially transplanted for a period of two years, kept its pigment and tumor 
forming capacities. 
Chapter 3 
The viability of cells, present in smoke and debris originating during 
CO2 laser evaporation of tumors, was investigated. Cytological smears showed 
mainly carbonised particles and thermally damaged cells but some morphologic­
ally intact cells as well. Viability was tested with the trypan blue test 
and by in vitro and in vivo culture. No dye excluding cells were found in 
the trypan blue test. No growth was noted neither in vitro nor in vivo in 
the 12 7 mice, i.m. or i. p. injected with 105 - 5. 105 smoke or debris part­
icles, and killed four weeks after inoculation. Viable tumor cells, derived 
from the cell line and added to the smoke and debris suspensions, remained 
viable . Thus, a toxic influence of smoke and debris particles on viable tumor 
cells , which would make the viability tests meaningless, was excluded. It is 
concluded that it is highly unlikely that viable tumor cells do occur in the 
waste products of tumor evaporation. This is in agreement with theoretical 
considerations leading to the conclusion that no important pres sure phenomena 
occur when using the CO2 laser. 
Chapter 4 
CO2 laser and conventional surgery were compared in performing radi­
cal surgery on tumors in mice inoculated i . m. in the right hind leg. The 
operations were performed in two experimental series. In the first series 
of experiments the mean tumor size was 4 mm, in the second 9 mm. When the 
figures for both series are added, the tumor was evaporated with laser in 
a total of 1 12 mice and conventionally excised in 1 1 5 mice. All mice were 
killed three weeks after treatment and autops ied. The percentage of mice 
with local recurrences was the same in the laser and the conventionally 
treated mice: about 2 5% in series I and 5% in series II, proving that the 
CO2 laser did not promote local tumor spread more than conventional surger­
y. Even more weight can be attached to this conclusion in view of the fact 
that the results were obtained by removal and damage of the same amount of 
tissue with both modalities, since the figures of mice with devitalised 
legs due to the treatment were equal for both treatment modalities: about 
4% in series I and about 2 5% in series II. The differences between series 
and series II ( significantly less local recurrences and significantly more 
devitalised legs in series II) can be explained by the more uniform and more 
superficial locali sation of the tumors in ser ies II and by a more aggressive 
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surgical approach. 
The number of gross and microscopic metastases was uniformely low and 
the same in the laser and in the conventionally treated mice as well as in 
a group of control mice which had their tumor bearing limb amputated after 
ligation of the femoral vessels thus preventing iatrogenic metastases. it 
can be concluded that neither co2 laser nor conventional surgery increased 
the number of metastases. A beneficial role of the CO
2 
laser, however, 
could likewise not be demonstrated in this system. Virtually no bloodless 




laser and conventional surgery were compared in performing incisional 
biopsies from tumors with a mean size of about 15  mm. Mice in which the skin 
was incised after i. p. nembutal anesthesia and mice anesthetised only acted 
as controls. In an additional group of mice the tumor was massaged under i. p. 
anesthesia. The total number of mice in these five groups was 6 6. The mice 
were killed with ether four hours after manipulation. The lungs and the right 
parailiac lymph nodes were investigated microscopically. Tumor emboli, con­
sisting of at least two tumor cells, were used as parameter for distant tumor 
spread. Tumor emboli in the lungs were found only in those mice which had 
established microscopic lung metastases as well. The incidence of microscop­
ic tumor (metastases + tumor emboli) was the same in the five treatment 
groups: about 58%. Apparently, tumor emboli were related to the stage of 
evolution of the tumor and not influenced by manipulation. No tumor emboli 
were found in the lymph nodes. A detrimental nor a beneficial influence of 
the co
2 
laser on distant tumor spread was, therefore , demonstrated. 
Chapter 6 
CO2 laser and conventional surgery were compared in performing an in­
cision of 3H-thymidine labeled small tumors. Tumor cells were labeled in 
vitro and injected i.m. in the right hind limb of 4 3  mice. Another 4 3  mice 
not injected, served as paired (cold) controls. Thirty minutes after injection 
an orbita punction was performed. The tumors were allowed to grow eight 
days, and subsequently incised with laser, conventional scalpel or not in­
cised. Thirty minutes after incision a second orbita punction was performed. 
Thereupon the mice were killed. The cold control mice were treated in the 
same way . Tissue samples were taken : the lower lobe of the left lung, the 
caudal pole of the spleen, the right parailiac lymph node, the right calf 
including the tumor in the injected mice. In the no-incision group addi­
tional samples from the liver, the small intestine and the muscle tissue 
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were taken. Due to technical failures three paires of mice had to be discarded. 
The remaining pairs in the laser, conventional and no-incision group were 16, 
1 6  and 8 respectively . The plasma and cell fraction of the blood samples 
and the tissue samples were prepared for liquid scintillation-counting. The 
results were given in dpm. The radioactivity in the samples of the cold mice 
( 1-2 dpm/mg sample) was subtracted from the activity in the samples of the 
paired injected mice. No significant increase of the radioactivity in the 
injected animals over the paired controls was found in the plasma and cell 
fraction of the first and in the cell fraction of the second orbita punctions. 
The activity was increased in the remaining samples. There was a large 
variation in the results among the individual pairs of mice in each group. 
Differences in rates of cell loss, due to autolysis in the original tumor in­
ocula, seem to be the most important factor to explain this phenomenon. 
Significant differences between the laser, conventional and no-incision 
group were only found in the lymph nodes. The activity was significantly 
higher in the conventional than in the laser and no-incision group, whereas 
the laser and the no-incision group showed the same activity in the lymph 
nodes. This finding supports the hypothesis that the CO? laser seals the cut 
ends of lymphatics. It remains to be proven that the excess activity in the 
regional lymph nodes in the conventional surgery group was present in intact 
tumor ce 1 1  s. 
Chapter 7 
The results of the experiments demonstrate that the continuous wave CO2 
laser does not give rise to airborne and local tumor spread. This is in con­
tradistinction to the pulsed lasers. Promotion of iatrogenic distant tumor 
spread by the co
2 
laser as compared to conventional surgery could equally 
not be demonstrated. The reduction of iatrogenic spread of radioactive label 
on the other hand suggests that the CO2 laser might reduce iatrogenic dis­
tant tumor spread. It is premature, however, to reckon the use of the CO2 
laser among the measures reducing iatrogenic distant tumor spread. 
It may be concluded, therefore, that use of the CO
2 
laser is allowed but 
not indicated on oncological grounds. The CO
2 
laser should be used only when 




In dit proefschrift wordt verslag gedaan van experimenten met betrekking 
tot iatrogene versleping van tumorcellen door de CO
2 
laser. 
De "continuous wave" CO
2 
laser heeft een aantal voor de tumorchirurgie 
aantrekkelijke eigenschappen . Zander manipulatie kunnen weefsels - zelfs been-
1�eefsel - door geleidelijke verdamping worden verwijderd. De thermische be­
schadiging aan het sneevlak reikt slechts 0 ,1 - 0 , 2  mm diep en zorgt voor een 
opmerkelijk goecte hemostase. Met behulp van endoscopische apparatuur kan 
onder microscopische controle in een aantal holle organen nauwkeurig worden 
geopereerd. Het bij doorsnijding di chtschroeien van capillairen - en mogelijk 
ook l ymfbanen - zou hematogene en lymfogene versleping van tumorcellen 
kunnen beperken. 
Daarentegen is van "pulsed" lasers aangetoond , dat zij door hun explo­
sieve wijze van verdamping van tumoren aanleiding geven tot verspreiding van 
Vitale tumorcellen door de lucht en in de omringende weefsels. 
Daarom moet van de CO
2 
laser , voordat deze in de klinische tumorchirur­
gie op grotere schaal wordt toegepast , de invloed op iatrogene versleping 
van tumorcellen worden onderzocht. 
Hoofdstuk 1 
In een literatuuroverzicht worden principes , die aan de l aser ten grand­
slag liggen , uitgelegd en worden vijf typen lasers , die voor medische toepas­
singen geschikt zijn , vergeleken. De American Optical CO2 laser , die in de 
experimenten werd gebruikt , wordt uitvoeriger besproken. De continue afgifte 
van de energie , de sterke absorptie van de straal in levende weefsels en de 
hoge energieproductie zijn fysische eigenschappen die de co
2 
laser geschikt 
maken voor de chirurgie. 
De interacties tussen laserstralen en l evende weefsel s worden besproken 
aan de hand van twee uitersten: pulsed lasers met een weinig geabsorbeerde 
straal en de continuous wave CO2 laser. Van beide typen lasers wordt de ge­
absorbeerde energie hoofdzakelijk omgezet in warmte. Het voornaamste zijn 
dan ook hitte-effecten: verdamping en coagulatienecrose van het weefsel. De 
zogenaamde oncolytische werking van de laser berust dan ook op thermische be­
schadiging. De verspreiding van vitale tumorcellen door pulsed lasers is een 
gevolg van druk-effecten. Deze spelen bij de CO2 laser een veel geringere 
rol. Tenslotte wordt een kort overzicht gegeven van laserchirurgie van tu­
moren bij proefdieren. 
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Hoofdstuk 2 
De literatuur over het Cloudman S91 muizemelanoom wordt gerefereerd . De 
tumor is sterk gepigmenteerd en metastaseert bijna uitsluitend naar de 
longen. Juist deze tumor werd uitvoerig bestudeerd in chirurgische experi­
menten. Het Cloudman melanoom was bovendien een van de tumoren waaraan de 
nadelige effecten van de pulsed lasers werden gedemonstreerd . Het Cloudman 
melanoom, dat in al de experimenten werd gebruikt, werd in stand gehouden 
door regelmatige transplantatie in CD/2 F1 muizen . Bovendien werd een celli jn 
van de tumor ongeveer twee jaar in vitro gekweekt .  Gedurende deze periode be­
hielden de tumorcellen hun vermogen tot pigmentproductie en tumorvorming . 
Hoofdstuk 3 
De vitaliteit werd onderzocht van cellen die aanwezig z 1 Jn  in rook en 
debris vrijkomend bij verdamping van tumoren met de CO2 laser. Cytologische 
strijkjes toonden naast verkoolde partikeltjes en thermisch beschadigde cel­
len ook morfologisch intacte cellen. De vitaliteit van het materiaal werd 
onderzocht met de trypaanblauw test en door het in vitro en in vivo te kwe­
ken. Met deze technieken werden geen vitale cellen aangetoond. Met name werd 
bij geen van de 12 7 muizen, i . m. of i . p .  ingespoten met 10 5 - 5.105 rook of 
debris deeltjes , en vier weken na inoculatie afgemaakt, tumorgroei gevonden. 
Vitale tumorcellen, afkomstig van de in vitro cellijn en toegevoegd aan rook­
en debrissuspensies, behielden hun vitaliteit. Hiermee werd een toxische 1 n­
vloed van rook- en debrispartikels op vitale cellen uitgesloten . Bij een 
dergelijke invloed immers zouden de voorgaande experimenten hun betekenis 
hebben verloren . Deze experimentele resultaten maken het zeer onwaarschijn­
lijk dat in rook en debris, vrijkomend bij tumorverdamping met de CO2 laser, 
vitale cellen voorkomen .  Dit is in overeenstemming met theoretische overwe­
gingen die de conclusie toelieten, dat geen belangrijke druk-effecten optre­
den bij de toepassing van de CO2 laser . 
Hoofdstuk 4 
CO2 laser en conventionele chirurgie werden vergeleken bij het volledig 
verwijderen van tumoren, die i .m . waren getransplanteerd in de rechter ach­
terpoot van muizen . De operaties werden verricht in twee series , die van 
elkaar verschilden doordat de tumor in de eerste serie en gemiddelde door­
snede had van 4 mm en in de tweede serie van 9 mm. In totaal werden in de 
series I en I I  bij 112 muizen de tumoren verdampt met laser en bij 115 muizen 
conventioneel geexcideerd. De muizen werden 3 weken na de behandel ing afge­
maakt en geobduceerd . Het percentage muizen met locale recidieven was het-
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zelfde voor de met laser en de conventioneel behandelde groepen : 25% in se­
rie I en 5� in serie I I. Hiermee is aangetoond dat de co
2 
laser niet meer lo­
cale verspreiding van tumor veroorzaakt dan conventionele chirurgie. Deze con­
clusie wint aan betekenis,  gezien het feit dat deze resultaten werden bereikt 
ten koste van verwijdering en beschadiging van eenzelfde hoeveelheid weefsel 
met beide methoden . Het aantal avitale paten was namenjk gelijk voor· laser 
en conventionele chirurgie: in serie I ongeveer 4% en in serie I I  ongeveer 
25%. De verschillen tussen de series I en I I  (significant minder locale reci­
dieven en significant meer avitale poten in serie II) kunnen warden verklaard 
door de meer uniforme en opervlakkige J igging van de tumoren en de agressie­
vere chirurgische benadering in serie I I. Het aantal macroscopische en mi­
croscopische metastasen was gering en gelijk in de laser groep, in de conven­
tionele chirurgie groep en in een groep controlemuizen waarvan de rechter 
achterpoot met de tumor werd geamputeerd na afbinden van de liesvaten. Deze 
controle groep toonde dus het aantal metastasen, dat spontaan - zonder chi­
rurgische manipulatie - was ontstaan. De conclusie kan warden getrokken dat 
noch de CO
2 
laser noch de conventionele behandeling het aantal metastasen 
deed toenemen. Een beperking van het aantal metastasen door de co2 laser kon 
evenmin warden aangetoond. Bleeding deed zich praktisch niet voor bij het 






laser en conventionele chirurgie werden met elkaar vergeleken 
bij het nemen van incisiebiopsieen uit tumoren met een doorsnede van ongeveer 
15 mm. Als controle dienden muizen waarvan de huid boven de tumor werd ge­
incideerd en muizen die alleen ender narcose werden gebracht. Bovendien werd 
bij een groep muizen de tumor gemasseerd. De 6 6  muizen in dit experiment wer­
den vier uur na de ingreep met ether afgemaakt . Tumorembolieen, bestaande 
uit tenminste twee cellen, dienden als parameter voor iatrogene versleping 
op afstand. De longen en de rechter parailiacale lymfklieren werden hierop 
microscopisch onderzocht. Tumorembolieen in de longen werden alleen gevonden 
bij muizen die eveneens microscopische longmetastasen hadden. Het percentage 
muizen met microscopische tumorhaarden (metastasen + tumorembolieen) was ge­
lijk in de vijf behandelingsgroepen : ongeveer 58%. Kennelijk hield de aanwe­
zigheid van tumorembolieen verband met het stadium van ontwikkeling van de 
tumor, zonder aantoonbaar door manipulatie te warden beinvloed. In de lymf­
klieren werden geen tumorembolieen gevonden. De conclusie kan warden getrok­
ken dat noch de co
2 
laser noch conventionele chirurgie iatrogene versleping 
op afstand bevorderden. Een beperking van iatrogene versleping door de CO2 
laser kon evenmin warden aangetoond . 
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Hoofdstuk 6 
CO2 laser en conventionele chirurgie werden met elkaar vergeleken bij 
het incideren van kl eine, met 3 H-thymidine gel abel de tumoren. Tumorcellen 
werden in vitro gelabe ld  en i. m. ingespoten in de rechter achterpoot van 43 
muizen. Drieenveertig niet geinjiceerde muizen dienden als gepaarde niet ra­
dioactieve controles. Dertig minuten na de injectie werd een b l oedmons ter ge­
nomen via een orbitapunctie. De tumorcellen groeiden in acht dagen uit tot 
kleine tumoren, die vervol gens werden geincideerd. Dertig minuten na de inci­
sie werd een tweede orbitapunctie gedaan en onmiddell ijk daarna werden de 
muizen afgemaakt. De controlemui zen ondergingen dezelfde behandeling. Vervol­
gens werden weefselmons ters genomen: bij al le muizen de onderkwab van de lin­
ker l ong, de caudale  pool van de mil t en de rechter parailiacale  l ymfklier. 
Bij de geinjiceerde muizen werd oak de rechter kuit met de tumor verwij­
derd. Tenslotte werden bij de niet geincideerde muizen bovendien monsters ge­
nomen van de l ever, de dunne darm en van spierweefsel. De pl asma- en de cel­
fractie van de bl oedmonsters en de weefselmonsters werden geprepareerd voor 
vloeistof scintill atietel ling. De resultaten werden gegeven in dpm. De ra­
dioactiviteit in de mons ters van de niet ingespoten dieren { l  - 2 dpm/mg mon­
s ter) werd afgetrokken van de activiteit in de monsters van de gepaarde ra­
dioactieve dieren. In de plasma- en de cel fractie van de eerste orbitapunctie 
en in de celfractie van de tweede orbitapunctie was de activiteit in de inge­
s poten en in de controlemuizen gel ijk. In de overige monsters was de activi­
teit bij de ingespoten muizen hoger dan bij de control edieren. Er was een 
grate spreiding in de uitkomsten bij de individuel e  paren muizen in elk van 
de drie groepen. De factor, die hiertoe het meest lijkt te hebben bijge­
dragen, is het verschil in snelheid van autolyse van tumorcel len in het 
oorspronkel ijke tumorinoculaat bij de verschil lende muizen. Significante ver­
schillen tus sen de laser , de conventioneel en de niet geincideerde groep wer­
den al l een gevonden in de l ymfkl ieren. De radioactiviteit in de conventioneel 
geincideerde groep was significant hoger dan in de l aser en in de niet gein­
cideerde groep, terwijl de l aser en de niet geincideerde groep een gelijke 
activiteit toonden. Deze bevinding steunt de hypothese dat de CO2 laser oak 
lymfbanen bij doorsnijding dichtschroeit. Het bewijs dat de extra-activiteit 
die in de lymfkl ieren werd gevonden na conventionele incisie inderdaad aan­
wezig was in intacte tumorcellen, moet nag warden geleverd. 
Hoofdstuk 7 
Met de experimenten is aangetoond dat de continuous wave CO2 laser in 
tegens telling tot de pulsed lasers geen aanleiding geeft tot verspreiding 
van vita le  tumorcellen door de lucht. Locale verspreiding van tumorce l l en 
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in omringende weefsels, aangetoond voor de pulsed lasers, werd bij toepas­
sing van de co2 laser niet gevonden. Toename van iatrogene versleping op af­
stand door de CO2 laser kon in vergelijking met conventionele chirurgie niet 
warden aangetoond. De beperking van iatrogene versleping van de radioactieve 
label, die de CO2 laser vergeleken met conventionele chirurgie gaf, zou daar­
entegen kunnen wijzen op een reductie van iatrogene versleping op afstand. 
Het is echter nag te vroeg om de CO2 laser te rekenen tot de middelen ter 
beperking van iatrogene versleping van tumorcellen op afstand. 
Concluderend kan warden gesteld, dat de CO2 laser oncologisch gezien 
veilig en dus toelaatbaar is, maar niet geindiceerd. De CO2 laser moet al­
leen dan warden toegepast, wanneer het apparaat duidelijk chirurgisch tech­
nische voordelen biedt boven bestaande methoden. 
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